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Abstract 

 

This report presents the results of the third inter-laboratory comparison for BTEX automatic analysers performed at the 

JRC on the 12-15 November 2013. Nine national reference laboratories with a total of eleven instruments, participated in 

this exercise. Six concentration levels were tested during the inter-laboratory comparison. Benzene concentrations ranged 

from 1 to 50 µg/m3. The exercise was evaluated according to ISO 13528 methodologies for the evaluation of inter-

laboratory proficiency assessment and the recommendation of the protocol N37 of the AQUILA network. Participating 

laboratories are identified as requested by the AQUILA protocol. 

The report compares reference and robust average values for the three up and down concentration series tested during 

the exercise, gives information on the technique and instrumentation used by each participant and shows the linearity 

test, identification of outliers, repeatability, reproducibility and robustness of the methodology, as well as parameters to 

evaluate laboratory results: repeatability score, bias and En values.  

In spite of an unforeseen power failure occurred during the comparison, which lead to a shutdown of all instruments and 

gas generation for three hours, the comparison exercise could be resumed successfully. The results show a substantial 

improvement with respect to the previous two inter-laboratory exercises with robust values for the benzene 

measurements that were in line with average reproducibility values of 7.8 %.. 
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Executive Summary 
 

This report presents the results of the third inter-laboratory comparison for BTEX automatic 

analysers performed at the JRC on the 12-15 November 2013. Nine national reference 

laboratories with a total of eleven instruments, participated in this exercise. Six concentration 

levels were tested during the inter-laboratory comparison. Benzene concentrations ranged from 1 

to 50 µg/m
3
. The exercise was evaluated according to ISO 13528 methodologies for the 

evaluation of inter-laboratory proficiency assessment and the recommendation of the protocol 

N37 of the AQUILA network. Participating laboratories are identified as requested by the AQUILA 

protocol. 

The report compares reference and robust average values for the three up and down 

concentration series tested during the exercise, gives information on the technique and 

instrumentation used by each participant and shows the linearity test, identification of outliers, 

repeatability, reproducibility and robustness of the methodology, as well as parameters to 

evaluate laboratory results: repeatability score, bias and En values.  

In spite of an unforeseen power failure occurred during the comparison, which lead to a 

shutdown of all instruments and gas generation for three hours, the comparison exercise could be 

resumed successfully. The results show a substantial improvement with respect to the previous 

two inter-laboratory exercises with robust values for the benzene measurements that were in line 

with average reproducibility values of 7.8 %. 
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Nomenclature and abbreviations 
 

AAA: Environmental Protection Agency (Lithuania) 

AEA: Ricardo AEA (United Kingdom) 

AQUILA: air quality reference laboratories  

BTEX: benzene, toluene, ethyl-benzene, xylene 

CG: gas chromatograph 

D.D.: Dynamic Dilution 

EEA; Executive Environment Agency 

EC: European Commission 

EKONERG: Energy and Environmental Protection Institute (Croatzia) 

EPA: Environmental Protection Agency (Ireland) 

ERLAP: European Reference Laboratory of Air Pollution 

EU: European Union 

FID: flame ionization detector 

GIOS: Chief Inspectorate of Environmental Protection (Poland) 

H.C.: hydrocarbons 

HMS: Air Quality Reference Centre, Hungarian Meteorological Service (Hungary) 

ISCIII: Instituto de Salud Carlos III (Spain) 

ISO: International Standard Organisation 

IHP_S: Institute of Public Health (Serbia) 

LV: limit value 

QAQC: quality assurance quality control 

n.a.: not available 

NPL: National Physical Laboratory (United Kingdom) 

NRL: National Reference Laboratory 

PID: photo ionization detector 

ppb (m/m): part per billion, molar fraction 

Press. Cyl.: presssurised cylinder 

Tr. Std.: travelling standard 

iC : average concentration value of i measurements 

C : inter-laboratory average concentration 

*

iC : robust average value 
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Cref: reference concentration value 

22

reflab

reflab

n

UU

CC
E




  

ki: Mendel-k value for laboratory i 

n: number of replicated analysis  

p: number of participating laboratories 

P(Z): probability function of the random variable Z. 

Rc: residuals of the linear regression iC vs Cref  at the evaluated concentration level, C 

s
*
: standard deviation of the robust average value 

*

iC  

sbias : standard deviation of the bias, refi CC *
 

icS : standard deviation of the average inter-laboratory value 

si: standard deviation of the sample i. 

sL
2
: inter-laboratory variance or between-laboratory variance 

n

s
s r

NLN

2
2

37
ˆ

37
  : between laboratory standard deviation from the prescript conditions of 

proficiency assessment of AQUILA network. 

sr
2
: repeatability variance or intra-laboratory variance 

sR
2
: reproducibility variance 

u: uncertainty of the method 

uCref: uncertainty associated with the reference concentration value Cref 

µg/m
3
: micrograms per cubic meter 

α: level of significance 

γ = sR/sr : gamma value 

σ: standard deviation 

̂ : standard deviation for proficiency assessment 

n

s
s r

Lm

2
2)5.0( 


: minimum standard deviation of proficiency assessment coherent with 

method reproducibility 

37
ˆ

N : standard deviation for proficiency assessment prescript by AQUILA network 

(1-α): confidence level 
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Introduction 
 
In accordance with the EC directive 2008/50/EC and following on from the two previous EC-JRC 

aromatic BTEX inter-laboratory comparisons for automatic analysers [EUR 22523 EN and 

EUR23792EN], this inter-laboratory comparison exercise was framed in the QAQC programme for 

the harmonization of air quality measurements in Europe and, in particular, for benzene.  

This exercise aims to evaluate capacity of the participating laboratories to quantify the analyte of 

interest over a pre-defined range of concentrations. As a difference from the two previous 

exercises, laboratories were asked to report the average value determined for each concentration 

level and the corresponding associated uncertainty. Individual results were evaluated according to 

the repeatability-score and the En value. As agreed within AQUILA protocol participating 

laboratories have been identified in the report. 

Inter-laboratory comparison strategy 
 
The inter-laboratory comparison was carried out at the JRC Ispra site bench facilities from 12

th
 to 

15
th

 November 2014. Registration of the participants including description of the instrumentation 

that would be used during the exercise closed on the 15th May 2013. 

The reporting of data results from the participating laboratories was carried out by uploading the 

requested information on the JRC web site application at http://interlabo-

comparison.jrc.ec.europa.eu. This included: characteristics of the BTEX analyser, description of the 

calibration method and traceable reference material, average concentrations and corresponding 

analytical uncertainties for each concentration step. Reported information from the participants is 

collected in the annex. 

The exercise was initially programmed for a zero air check and an up and down six-step 

concentration levels of two hours each one (L series). This was to allow the different automatic 

analysers to perform three or six complete measurements of 30 or 15 minutes, respectively. 

Unfortunately, a few hours after the start of the exercise a general black-out affected all running 

instrumentation and test gas generation. The three hour electricity power interruption mainly 

affected the measurements of the first sequence in course by losing all the data from the third 

step of increasing concentration of the series. Although most of the instruments were able to re-

start automatically when the electricity came back, the exercise was re-initiated the following day 

to ensure the testing of the instrumentation along the full range of concentration within the 

remaining time of the exercise. Two consecutive series of up and down six-step concentrations 

(S1 and S2 series) were launched with a shorter time, one hour, in each concentration step, but 

http://interlabo-comparison.jrc.ec.europa.eu/
http://interlabo-comparison.jrc.ec.europa.eu/
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allowing a complete 30 minutes measurement or two of 15 minutes, depending on the 

instrument. The final time schedule of the exercise is given in the annex. 

In this exercise concentrations were expressed in µg/m
3 

at 20 °C and 1 atm. Conversion factors 

from ppb (v/v) to µg/m
3 
for reporting results were agreed before comparison (see annex). 

 

 

Participating laboratories and instrumentation 

 
Nine NRLs participated in the inter-laboratory comparison exercise. Table 1 shows the name of 

the participating laboratories. VMM and EPA reported results from two different instruments. 

Table 2 identifies the type of instrumentation used by each laboratory. From the eleven 

instruments that were involved in this exercise only three instruments used flame ionization 

detector (FID), while the rest of the instruments used a photo ionization detector (PID). Table 3 

shows the reference material or travelling standard used by each laboratory to calibrate their 

analysers. 

 

Table 1.- List of participating laboratories 

Acronym Laboratory Country Contact 

VMM Vlaamse milieumaatschappij Belgium Jan Petré, David Roet, Vincent Keppens 

EKONERG Energy and Environmental 

Protection Institute 

Croatia Predag Hercog, Marijo Bilic 

HMS Air Quality Reference Centre, 

Hungarian Meteorological 

Service 

Hungary Viktor Dézsi, Attila Machon 

EPA Environmental Protection 

Agency 

Ireland Lin Delaney, Barbara O’leary 

AAA Environmental Protection 

Agency 

Lithuania Juozas. Molis, Aurelijus Jurkus 

GIOS Chief Inspectorate of 

Enviromental Protection 

Poland Tomasz Frackowski, Andrzej Pindel 

IHP_S Institute of Public Health Serbia Andrej Sostaric, Ljiljana Adjanski 

ISCIII Instituto de Salud Carlos III Spain Rosalia Fernandez Patier, 

Pilar Morillo , Ogura Mogura 
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AEA 

 

Ricardo AEA United 

Kingdom 

James Dernie, Michael Davies Peter 

Dumitrean, Steve Telling, Brian Stacey,  
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Table 2.- Instrumentation used by the participants during the inter-laboratory comparison exercise 

Code Analyser 

Cycle 

time, 

min 

Detector 

Column: 

Length, i.d.*, film tickness 

Operational conditions 

Adsorbent 

Desorption conditions 

VMM1 
Airmotec BTX HC 

1000, gC866, 1011 

15 

FID 

MXT30CE: 30 m, 0.28 mm, 1 µm 

43°C,2°C/min, 45°C,10°C/min, 

75°C,15°C/min, 165°C,(120’) 

Carbotrap-B 

380°C  for 120 s, 3-4 

ml/min 

VMM2 
SYNSPEC Analyser 

GC 955, 2006 

15 
PID 

AT-624: 13 m, 0.32 mm, 1 µm 

50°C (3’),2°C/min,70°C (7’) 

Tenax GR 

180°C for 54 s, 1.5 ml/min 

EKONERG 
Chromatorec Airmo 

BTX 1000, 2011 

15 
FID 

MXT30CE: 30 m, 0.28 mm, 1 µm 

60°C,15°C/min,165°C) 

Carbotrap-B 

380°C  for 120 s, 4 ml/min 

HMS 

CHROMATOTEC 

AIRMOTEC, AIRMO 

VOC C6-C12, A3100, 

2003 

30 FID 

MXT30CE: 30 m, 0.28 mm, 1 µm 

36°C,2°C/min, 38°C,2°C/min, 

50°C,10°C/min, 80°C,15°C/min, 

200°C’ 

Carbotrap-B 

380°C  for 240 s, 3 ml/min 

EPA1 

SYNTECH Analyser 

GC 955, Vers. 600, 

2008 

15 PID 

CP-Sil8 CB, 13 m, 0.32 mm, 1µm 

50°C (180 s),10°C/min, 50°C (7’), 

10°C/min ,50°C  

Tenax GR 35/60 

180°C for 60 s, 1.5 ml/min 

EPA2 

SYNTECH Analyser 

GC 955, Vers. 611, 

2010 

15 PID 

CP-Sil8 CB, 13 m, 0.32 mm, 1µm 

50°C (180 s),10°C/min, 50°C (7’), 

10°C/min ,50°C  

Tenax GR 35/60 

180°C for 60 s, 1.5 ml/min 

AAA 

AMA Instrument, 

CG5000 BTX FID, 

VERS 3, 2011 

30 FID 
AMAsep1, 30 m, 0.32 mm, 1.5 µm 

50°C (180 s),8°C/min,130°C (5’) 

Carbotrap 

230°C  for 180 s, 2 ml/min 

GIOS 
SYNTECH SPECTRAS 

GC 955, 2011 

15 

PID 

SY-5: 13 m, 0.32 mm, 1 µm 

50°C (1-3’),10 °C/min,70°C (5-12’), -

8 °C/min,50°C (13.5-15’)  

Tenax GR 

180°C for 26 s, 1.5 ml/min 

IPH_S 

SYNTECH SPECTRAS 

Analyser GC 955, 

2009 

15 PID 

AT-624: 13 m, 0.32 mm, 1 µm 

50°C (3’),10°C/min,70°C (6’) -

10°C/min 50°C 

Tenax GR 

180°C for 60 s, 1.5 ml/min 

Carlos III 

SYNTECH SPECTRAS 

Analyser GC 955, 

2004 

15 

PID 

AT-624: 13 m, 0.32 mm, 1.8 µm 

50°C (3’),10°C/min,70°C (6’) -

10°C/min 50°C 

Tenax GR 

180°C for 40 s, 1.5 ml/min 

AEA 
Environnement 

SA.VOC 71M 

15 
PID 

SPB-624: 13 m, 0.32 mm, 1.8 µm 

34°C (115 s),20°C/min,150°C (155 s) 

Carbotrap/Carbopak-X 

350°C  for 180 s, 1 ml/min 
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Table 3.- Reference material used by the participating laboratories 

Laboratory Reference Material 
Benzene 

ppb(m/m)* 

Toluene 

ppb(m/m)* 

Ethyl-

benzene 

ppb(m/m)* 

m-Xylene 

ppb(m/m)* 

p-Xylene 

ppb(m/m)* 

o-Xylene 

ppb(m/m)* 

Other 

compounds 
Producer 

Certified 

by 

Certification 

date 

VMM 
P.T 

D.D. 

11.33± 0.84 

ng/min 

10.64±0.95 

ng/min 

6.42 ± 0.75 

ng/min 

8.63 ± 0.95 

ng/min 

8.63 ±0.95 

ng/min 

17.34 ±1.42 

ng/min 
- GRACE GRACE 16/01/2013 

EKONERG 
Press. Cyl. 

 
12 ± 0.36 11.96±0.36 12.05 ± 0.36 11.88±0.36 12.03±0.36 11.71±0.36 _ VSL VSL n.a. 

HMS 

Press. Cyl. 

D.D. 

Environics 200  

986±29 985±29 995±29 983±29 982±29 1014±29 - VSL VSL 21/10/2013 

EPA 
Press. Cyl. 

 
10.14±0.20 10.27±0.26 0.69 ± 0.24 10.18±0.25 9.80± 0.25 10.25± 0.26 -. NPL NPL 23/09/2013 

AAA 

Press. Cyl. 

D.D. 

Dilutor:Um.MCZ 

4990±100 5110±100 - - - - - NPL NPL n.a. 

GIOS 
Press Cyl 

D.D. 
1117±55.85 855±8.5 815±8.15 714±7.14 695±6.95 650±6.50  Air Liquid Air Liquid 10/10/2013 

IHP_S n.a. n.a. n.a. n.a. n.a. n.a. n.a.  n.a. n.a. n.a. 

ISCIII 

Press. Cyl. 

D.D. 

(API model 700) 

149.9 ± 4.5 149.3 ± 4.5 150.5 ± 4.5 148.1 ± 4.5 150.3± 4.5 146.2 ± 4.5 _ VSL VSL 22/08/2012 

AEA 

 
Press. Cyl. 3.76 ± 0.08 3.78 ± 0.08 3.81 ± 0.08 3.78 ± 0.08 3.80± 0.08 3.80 ± 0.08 

30 H.C. 

mixture. 
NPL NPL n.a. 

Press. Cyl.: Pressurised cylinder; D.D.: Dynamic Dilution;  H.C.: Hydrocarbons;  n.a.: not available; P.T.: Permeation Tubes 

*: ppb(m/m): concentration in part per billion with respect to molar fraction ±  its expanded uncertainty (k=2) 
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Reference values 

 
Two instruments (a BTEX Chrompack mod. 7001 and a GC Agilent 7890A coupled with an on-line 

sampling Thermal Desorber Unity from Markes) were used by ERLAP to trace the concentrations 

during the exercise. These instruments were calibrated against reference material (NPL Primary 

reference gas mixture: Reference 2013060383) by a multipoint calibration over the operative 

concentration range of the exercise. Nevertheless, due to the unforeseen power interruption and 

the memory effect on the operating instrumentation, final reference values were adopted from 

those determined by the dilution of the standard cylinders used during the exercise. In this case, 

flows and concentrations were traceable to primary and gravimetric international standards. 

Uncertainties for the reference concentrations were, however, estimated on the basis of the biases 

calculated with respect to the value measured by ERLAP. 

Reference concentrations and calculated uncertainties for each level of concentration are given in 

table 4. 
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Table 4.- Reference values and associated uncertainties of the exercise 

 Benzene Toluene 

Level L 

Conc., 

µg/m3 

L 

Unc,.1σ 

 % 

 S1 & S2 

Conc., 

 µg/m3 

S1 

unc., 1σ  

% 

S2 

unc., 1σ 

 % 

L 

Conc., 

µg/m3 

L 

unc., 1σ 

 % 

 S1 & S2 

Conc., 

µg/m3 

S1 

unc., 1σ 

 % 

S2 

unc.,1σ 

 % 

1ST-A 1.29 6.25 1.04 13.37 10.11 4.74 7.23 3.84 10.05 6.12 

2ND-A 3.00 1.14 3.10 0.34 0.50 10.54 4.50 10.85 0.11 1.96 

3RD-A 5.03 2.31 5.17 1.90 1.78 17.67 2.97 18.09 1.56 1.65 

4TH-A 10.15 2.10 10.41 1.05 0.30 35.62 2.36 36.45 1.21 0.94 

5TH-A 30.43 0.83 31.23 1.06 1.02 106.81 1.54 109.33 0.32 0.26 

6TH-A 49.65 2.78 52.05 0.20 0.33 175.64 2.83 182.94 0.39 0.32 

5TH-B 30.28 1.26 31.23 0.06 0.37 106.29 2.06 109.33 0.86 0.62 

4TH-B 10.12 2.29 10.41 1.24 1.32 35.54 2.97 36.45 1.90 1.75 

3RTD-B 5.01 2.62 5.17 2.23 3.06 17.57 3.28 18.09 2.42 2.44 

2ND-B   3.10 4.28 4.40   10.85 3.36 3.33 

1ST-B   1.04 13.81 15.10   3.84 11.83 12.40 

  Ethyl benzene m,p-Xylene 

Level L 

Conc., 

µg/m3 

L 

Unc,.1σ 

 % 

 S1 & S2 

Conc., 

 µg/m3 

S1 

unc., 1σ  

% 

S2 

unc., 1σ 

 % 

L 

Conc., 

µg/m3 

L 

unc., 1σ 

 % 

 S1 & S2 

Conc., 

µg/m3 

S1 

unc., 1σ 

 % 

S2 

unc.,1σ 

 % 

1ST-A 0.92 7.38 0.56 39.68 26.47 0.92 18.02 0.63 79.40 56.77 

2ND-A 2.01 2.90 2.02 1.33 2.37 2.02 24.78 2.11 2.71 9.04 

3RD-A 3.38 2.00 3.37 4.31 3.98 3.39 3.03 3.52 8.03 7.03 

4TH-A 6.80 0.98 6.79 2.62 2.05 6.84 1.61 7.09 3.62 2.76 

5TH-A 20.40 0.64 20.37 0.56 0.50 20.51 1.44 21.28 0.34 0.50 

6TH-A 33.42 2.52 33.80 1.72 1.44 33.43 3.61 35.42 0.21 0.05 

5TH-B 20.30 1.25 20.37 1.87 1.40 20.41 2.04 21.28 0.91 0.77 

4TH-B 6.79 1.91 6.79 3.62 3.14 6.82 2.75 7.09 4.63 4.16 

3RTD-B 3.36 2.31 3.37 5.24 5.41 3.37 3.34 3.52 9.01 9.13 

2ND-B   2.02 8.03 7.81   2.11 15.93 15.57 

1ST-B   0.56 33.94 36.32   0.63 64.35 67.95 

 o-Xylene      

Level L 

Conc., 

µg/m3 

L 

Unc,.1σ 

 % 

 S1 & S2 

Conc., 

 µg/m3 

S1 

unc., 1σ  

% 

S2 

unc., 1σ 

 % 

      

1ST-A 0.55 44.12 0.69 41.27 32.05      

2ND-A 2.04 10.51 2.21 2.38 2.53      

3RD-A 3.41 5.77 3.69 6.05 4.69      

4TH-A 6.88 4.01 7.44 2.41 1.68      

5TH-A 20.62 3.59 22.31 0.07 0.01      

6TH-A 32.74 6.85 37.71 0.18 0.50      

5TH-B 20.52 4.18 22.31 1.32 0.88      

4TH-B 6.86 5.09 7.44 3.33 2.90      

3RTD-B 3.39 6.09 3.69 5.89 5.43      

2ND-B   2.21 9.29 9.33      

1ST-B   0.69 41.24 41.80      
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Statistical considerations 
 

   Linearity test 

 
Linearity of the analysers was tested according to EN14662-3 by comparing the average value of 

the reported results at each level and instrument, iC , with its respective reference value, Cref , at this 

level. Residual, Rc, is calculated according to the following expression: 

 

)( refic CbaCR                              Eq. 1 

 

where a and b are the correlation coefficients of the corresponding linear regression ( iC vs Cref). As 

a criterion of linearity, the maximum accepted value as residual is 5%.  

   Repeatability, reproducibility and robustness of the method 

 
The repeatability and reproducibility derived from the inter-laboratory comparison exercise results 

were calculated after the elimination of outliers identified by Mandel’s h and k statistic: 

The inter-laboratory consistency is determined by the statistic h, which represents the ratio 

between the bias of the measure with respect to the average value,
iC , and the standard deviation 

of the average inter-laboratory values, 
icS .  

The intra-laboratory consistency is determined by the statistic k, which is defined by the ratio 

between the laboratory standard deviation of the sample, si, and the pooled within-laboratory 

standard deviations: 

 

p

s

i
i

i

s
k




2
           Eq. 2 

Indicators for Mandel’s statistics at the 1 and 5 % level of significance are given in the annex. These 

values determine the outliers and stragglers, respectively.  

As a result, the uncertainty of the inter-laboratory average value, C , is determined by the 

combination of the inter-laboratory variance, sL
2
, and the intra-laboratory variance (repeatability 

variance), sr
2
. The addition of both variances represents the reproducibility variance, sR

2
, in this case 

being the variance associated with the uncertainty of the method [ISO 5725 Part 1, Part 2, 1994]:  
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      Eq. 4, Eq. 5 

 

where ‘p’ is the number of laboratories; ‘n’ is the number of replicated analyses done by each 

laboratory; ‘si’ and ‘
iC ’ are the standard deviation and average value corresponding to the 

laboratory  ‘i’. 

The null hypothesis for equivalence between the inter-laboratory averages can be used as a 

criterion for the robustness of the method tested. Such an hypothesis assumes a F-distribution with 

p-1 and p(n-1) degrees of freedom for the statistic F defined by the ratio: 2
r

2
L

s

s  This unilateral test for 

the F-distribution statistic depends on the degrees of freedom (experimental design: number of 

participating laboratories and replicated samples) and the accepted significance level. As a 

conservative approach, methods with F-values lower than 3 can be considered as robust methods. 

This criterion expressed as a ratio between reproducibility and repeatability standard deviations 

implies gamma values, γ, lower than 2, being  γ = sR/sr [P. Pérez Ballesta et al., 2001]. 

 Repeatability score 

 
Following the AQUILA N37 recommendations, the standard deviation for the proficiency 

assessment, 37
ˆ

N  is calculated as a function of the concentration level in µg/m
3
, C, by the 

following equation: 

 

CN  057.0128.0ˆ
37         Eq. 6 

 

A repeatability score has been derived from the k-statistic in order to evaluate the performance 

criterion as established by EN 14662-3 for benzene automatic analysers, i.e. 5 % at the limit value 

and 0.3 % for values lower than 0.1 x LV. In this case the pooled-within-laboratory standard 

deviation is replaced by the corresponding maximum accepted repeatability value or, alternatively 

by the associated uncertainty of the reference value, when this value is limiting the repeatability 
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test. Repeatability scores values lower than 2  are considered acceptable, between 2  and 3  are 

questionable and higher than 3 , i.e. outside the 99 % confidence level, are considered as poor 

performer. 
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   Minimum standard deviation of the proficiency assessment 

 
In agreement with ISO 13528, the ratio between the between-laboratory standard deviation of the 

inter-laboratory comparison, sL, and that derived from the prescribed standard deviation for the 

proficiency assessment, sLN37, should be lower than 2 to represent a realistic choice. So, as the 

between-laboratory standard deviation from prescript conditions of proficiency assessment is 

calculated according to the following expression: 

 

n

s
s r

NLN

2
2

37
ˆ

37
 

         Eq. 7 

 

the minimum standard deviation of proficiency assessment coherent with method reproducibility, 

m


, can be calculated by the following equation (ISO 13528): 

 

n

s
s r

Lm

2
2)5.0( 



         Eq. 8 

Therefore, when 37
ˆ

N is higher than M̂ the AQUILA N37 proposed value for the standard 

deviation for proficiency assessment is coherent with the reproducibility of the measurements in 

the exercise. Otherwise, the corresponding expected reproducibility standard deviations cannot be 

achieved in practice. 

   En values 

 
As laboratories were requested to report uncertainty values for each concentration level, the 

evaluation of the laboratory performance was based on the En number as recommended by ISO/EC 

Guide 43-1:1997, A.2.1.4 item E. This number is calculated according to the following equation: 
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reflab

reflab

n

UU

CC
E




          Eq. 9 

where Ulab and Uref are the expanded uncertainties for the reported and reference value, 

respectively. 

En number expresses the validity of the expanded uncertainty estimate associated with each result. 

The critical value for En number is 1. En numbers higher than 1 identify results that are incompatible 
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with the reference value after allowing for the stated uncertainties. The overall evaluation of the 

laboratory results should consider both bias and En value, because a low En value could be due to a 

large stated uncertainty. 

 

RESULTS AND DISCUSSION 

Data reporting 

 
Although the intention of the participating laboratories was to report all levels and compounds 

included in the compared mixture, the black-out that occurred during the exercise caused several 

instruments to miss the analysis of some concentration step levels for a number of or even all the 

compounds. Figure 1 represents, for each participant, instrument and compound, the percentage 

of reporting data in each up and down series of concentration with respect to the total reporting 

data volume. 

 

Figure 1.– Percentage of data compounds reported by the participating laboratories and the 

instruments in each testing series 

Linearity test 
 
Tables 5.I to 5.III show the results of the linearity test for the correlation between reported and 

reference values. Residuals were calculated by Eq. (1). In this table the percentage of residuals was 
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indicated for those values higher than 5 %. Values were highlighted in red when these were higher 

than 10 %. Linearity problems were identified mainly at the lowest concentration levels, eventually 

with higher incidence on the heaviest compounds. In general, an improvement of the linearity can 

be seen along the course of the inter-laboratory comparison from series L to S2, due to the 

stabilization time needed by the instruments after the black-out during the 2
nd

-3
rd

 step of the L 

series. 
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Table 5.I.- Linearity test 

 VMM1 VMM2 EKONERG HMS 

Benzene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 28.5 42.3 9.4 32.

8 

70.7 74.2  27.2 22.1 81.1 8.8 7.3 
2nd -A -9.1 OK -5.8 -

26.

1 

OK OK  OK OK -

51.1 

OK OK 
3rd -A  OK OK  OK OK  OK OK  OK OK 
4th -A OK OK OK -

10

1.6 

-5.4 -6.6  OK OK 8.4 OK OK 
5th -A OK OK OK -

10

9.6 

OK OK  OK OK OK OK OK 
6th OK OK OK -

11

1.1 

OK OK  OK OK OK OK OK 
5th -B OK OK OK -

10

9.6 

OK OK  OK OK OK OK OK 
4th -B OK OK OK -

10

1.6 

OK OK  OK OK 9.0 OK OK 
3rd -B 8.9 OK OK 7.2 OK OK  OK OK 22.1 OK OK 
2nd -B  OK OK  7.7 8.4  OK OK  OK OK 
1st -B  27.4 25.7  70.3 85.3  26.3 29.8  8.4 11.0 

Toluene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 21.2 27.5 12.1 40.

4 

15.3 12.3  -

77.7 

-76.8 -

35.3 

40.0 -15.9 
2nd -A -25.0 -8.1 -10.5 -

33.

2 

-

15.2 

-

15.1 

 -

25.0 

-27.3 -

99.7 

8.7 -9.3 
3rd -A  -7.4 OK  OK OK  -6.4 OK  7.1 OK 
4th -A OK OK OK -

12

1.3 

OK OK  5.6 5.2 OK OK OK 
5th -A OK OK OK -

13

1.4 

OK OK  9.0 8.5 OK OK OK 
6th OK OK OK -

13

3.4 

OK OK  -6.7 -6.4    
5th -B OK OK OK -

13

1.4 

OK OK  9.4 8.9 OK OK OK 
4th -B OK OK OK -

12

1.3 

OK OK  7.0 7.4 OK -

41.4 

OK 
3rd -B 7.8 OK OK 9.0 OK OK  OK OK OK 9.7 OK 
2nd -B   OK   OK   -17.3   OK 
1st -B   30.0   37.0   -67.2   -5.3 

Ethyl-benzene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A OK 43.6 43.2 -

37.

8 

218.

6 

235.

7 

 14.0 7.9 -

12.9 

17.0 10.8 
2nd -A -31.2 17.6 -9.5 OK 6.5 6.5  -

11.0 

-11.9 -

83.5 

OK OK 
3rd -A  -

11.2 

-8.8  -7.8 -8.8  OK OK  OK OK 
4th -A OK OK OK -

5.9 

-

12.7 

-

14.0 

 OK OK    
5th -A OK OK OK OK OK OK  OK OK OK OK OK 
6th OK OK OK OK OK OK  OK OK OK OK OK 
5th -B OK OK OK OK OK OK  OK OK OK OK OK 
4th -B OK 5.0 7.7 -

5.9 

-6.0 -6.2  OK OK OK OK OK 
3rd -B OK -6.3 OK 51.

1 

OK OK  OK OK OK OK OK 
2nd -B   OK   21.4   OK   OK 
1st -B   73.5   250.

8 

  27.5   28.2 

m,p-Xylene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 25.8 51.8 41.3 26.

0 

159.

9 

154.

6 

 8.0 11.8 59.0 39.2 23.8 
2nd -A -33.4 5.7 -19.6 -

21.

5 

OK OK  -

16.3 

-17.5 -

67.3 

OK -7.7 
3rd -A  -

21.0 

-14.0  -

13.4 

-

14.8 

 OK OK  -6.2 -7.9 
4th -A OK OK OK -

68.

9 

-

14.5 

-

15.4 

 OK OK OK -6.9 OK 
5th -A OK OK OK -

76.

8 

OK OK  OK OK OK OK OK 
6th OK OK OK -

78.

3 

OK OK  OK OK OK OK OK 
5th -B OK OK OK -

76.

7 

OK OK  OK OK OK OK OK 
4th -B OK 8.9 9.7 -

68.

9 

-5.3 -5.2  OK OK 10.4 OK OK 
3rd -B OK -

11.7 

-10.8 5.8 -5.5 OK  OK OK 9.6 OK OK 
2nd -B  -7.5 OK  7.2 9.8  OK OK  OK OK 
1st -B  51.0 76.1  158.

3 

180.

7 

 14.3 32.4  39.2 39.2 
o-Xylene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 99.5 26.4 5.4 43.

1 

152.

2 

151.

6 

 5.9 12.4 45.3 OK OK 
2nd -A -30.6 -

15.3 

-16.3 -

24.

3 

OK OK  -9.4 -10.5 -

88.9 

-7.0 -8.3 
3rd -A  -6.5 -6.7  -

13.5 

-

12.6 

 OK OK  OK OK 
4th -A OK OK OK -

59.

2 

-

14.7 

-

14.6 

 OK OK OK OK OK 
5th -A -5.3 -5.2 OK -

63.

3 

OK OK  OK OK OK OK OK 
6th OK OK OK -

64.

1 

OK OK  OK OK OK OK OK 
5th -B OK OK OK -

63.

3 

OK OK  OK OK OK OK OK 
4th -B OK 6.6 OK -

59.

2 

-7.6 -8.1  OK OK OK OK OK 
3rd -B 9.7 OK OK 7.6 -5.5 -6.4  OK OK OK OK OK 
2nd -B  OK OK  7.0 8.9  OK OK  OK OK 
1st -B  29.3 43.1  153.

6 

164.

6 

 14.6 32.7  OK 13.5 
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Table 5.II.- Linearity test 

 

 EPA1   EPA2 AAA  GIOS  

Benzene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 

 

-66.9 

 

-202.3 -180.7 

 

OK -34.9 73.6 55.8 26.4 28.0 

2nd -A 

 

-6.9 

 

-135.4 -22.8 

 

OK -20.3 19.7 -79.7 -7.2 -7.3 

3rd -A 

 

9.5 

  

10.3 

  

OK 21.9 

 

OK OK 

4th -A 

 

6.5 

 

83.0 29.0 

 

-91.2 OK 12.4 OK OK OK 

5th -A 

 

OK 

 

40.9 OK 

 

-90.9 OK OK OK OK OK 

6th  

 

-27.7 

 

-7.7 OK 

 

-90.8 OK OK OK OK OK 

5th -B 

 

-29.2 

 

-23.9 OK 

 

-90.9 OK OK OK OK OK 

4th -B 

 

-36.5 

 

-30.8 -22.2 

 

-91.2 5.2 14.7 5.1 OK OK 

3rd -B 

 

-47.7 

 

-94.1 -51.3 

 

-91.8 OK -83.1 16.2 OK OK 

2nd -B 

 

-62.5 

  

-89.9 

  

-6.3 -75.4 

 

-6.6 -6.0 

1st -B 

 

-135.5 

  

-280.5 

  

-27.5 66.8 

 

26.4 30.2 

Toluene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 

 

-65.3 

 

-99.1 14.1 

 

OK -130.1 -21.3 OK OK -28.7 

2nd -A 

 

-13.2 

 

-66.1 OK 

 

OK -41.6 OK -92.5 -24.7 -27.3 

3rd -A 

 

8.9 

  

OK 

  

OK 25.6 

 

-7.8 -8.7 

4th -A 

 

9.7 

 

63.2 OK 

 

-89.6 14.3 26.5 OK OK OK 

5th -A 

 

OK 

 

27.7 OK 

 

-89.0 6.2 7.1 OK OK OK 

6th  

 

-32.4 

 

-5.2 -35.2 

 

-88.9 -5.8 -6.7 OK OK OK 

5th -B 

 

-34.1 

 

-16.8 -34.9 

 

-89.0 7.0 8.0 OK OK OK 

4th -B 

 

-42.6 

 

-20.1 -33.8 

 

-89.6 19.0 30.4 12.5 9.8 10.6 

3rd -B 

 

-55.5 

 

-49.4 -32.2 

 

-90.3 OK -79.1 15.4 OK OK 

2nd -B 

        

-90.3 

  

OK 

1st -B 

        

-127.6 

  

9.3 

Ethyl-benzene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 

        

OK -26.0 OK -31.0 

2nd -A 

        

OK 

-

110.1 -27.8 -32.1 

3rd -A 

        

OK 

 

-8.3 -5.9 

4th -A 

        

OK OK OK OK 

5th -A 

        

OK -5.7 OK -6.1 

6th  

        

OK OK OK OK 

5th -B 

        

OK OK OK OK 

4th -B 

        

OK 10.2 14.8 16.7 

3rd -B 

        

OK 8.5 7.4 12.4 

2nd -B 

        

OK 

  

OK 

1st -B 

        

OK 

  

31.9 

m,p-Xylene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 

        

OK 29.3 25.5 -26.2 

2nd -A 

        

OK 

-

135.5 -26.7 -35.9 

3rd -A 

        

OK 

 

-10.3 -9.5 

4th -A 

        

OK OK OK OK 

5th -A 

        

OK -7.1 -5.9 -6.2 

6th  

        

OK OK OK OK 

5th -B 

        

OK OK OK OK 

4th -B 

        

OK 6.9 15.3 16.5 

3rd -B 

        

OK OK 11.0 14.9 

2nd -B 

        

OK 

 

-5.8 OK 

1st -B 

        

OK 

 

OK 40.1 

o-Xylene L S1 S2 L S1 S2 L S1 S2 L S1 S2 

1st -A 

        

OK 44.9 OK -24.5 

2nd -A 

        

OK -99.1 -29.3 -38.2 

3rd -A 

        

OK 

 

-12.7 -13.2 

4th -A 

        

OK OK OK OK 

5th -A 

        

OK -7.1 OK OK 

6th  

        

OK OK OK OK 

5th -B 

        

OK OK OK OK 

4th -B 

        

OK 11.3 16.5 17.9 

3rd -B 

        

OK 5.5 5.8 8.3 

2nd -B 

        

OK 

 

-8.4 -5.4 

1st -B                 OK   OK 29.9 
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Table 5.III.- Linearity test 

 IPH_S ISCIII AEA 

Benzene L S1 S2 L S1 S2 L S1 S2 

1st -A  OK -5.7   27.2  -69.8 -63.4 

2nd -A  OK OK   OK  -29.0 -25.8 

3rd -A  OK OK   OK  -5.3 -6.4 

4th -A  OK OK   OK  OK OK 

5th -A  OK OK   OK  8.8 8.1 

6th  OK OK   OK  -6.8 -6.2 

5th -B  OK OK   OK  9.7 9.0 

4th -B  OK OK   OK  6.1 5.8 

3rd -B  OK OK   OK  OK OK 

2nd -B  OK OK   OK  -17.5 -15.1 

1st -B  OK OK   38.6  -70.7 -56.3 

Toluene L S1 S2 L S1 S2 L S1 S2 

1st -A  49.2 40.1   OK  -230.0 -200.0 

2nd -A  OK OK   -11.5  -61.3 -36.5 

3rd -A  OK OK   -9.1  OK 15.4 

4th -A  -5.6 -5.3   -5.2  25.3 45.1 

5th -A  OK OK   OK  11.2 -44.3 

6th  OK OK   OK  -8.9 8.8 

5th -B  OK OK   OK  8.4 8.8 

4th -B  OK OK   OK  34.4 52.3 

3rd -B  OK OK   OK  7.2 24.5 

2nd -B   OK   OK   -16.3 

1st -B   49.1   34.1   -170.1 

Ethyl-benzene L S1 S2 L S1 S2 L S1 S2 

1st -A  26.3 22.3   OK  22.5 -28.8 

2nd -A  -9.3 -10.0   -60.0  -28.4 -24.6 

3rd -A  OK OK   -15.5  OK OK 

4th -A  6.1 5.8   8.4  OK OK 

5th -A  OK OK   OK  OK OK 

6th  OK OK   OK  OK OK 

5th -B  OK OK   OK  OK OK 

4th -B  7.9 7.1   25.0  7.9 8.0 

3rd -B  OK OK   8.5  9.5 6.3 

2nd -B   -5.7   -28.5   10.4 

1st -B   30.0   OK   37.0 

m,p-Xylene L S1 S2 L S1 S2 L S1 S2 

1st -A  68.5 54.5   15.7  189.4 -53.4 

2nd -A  OK -11.4   -27.5  -27.9 -35.6 

3rd -A  OK OK   -9.2  OK OK 

4th -A  OK OK   OK  OK OK 

5th -A  -5.6 OK   OK  OK OK 

6th  OK OK   OK  OK OK 

5th -B  OK OK   OK  OK OK 

4th -B  OK OK   11.3  7.0 12.8 

3rd -B  OK OK   OK  OK 5.3 

2nd -B  -6.1 -7.5   -12.7  -23.7 7.2 

1st -B  44.8 67.6   15.7  -91.7 15.1 

o-Xylene L S1 S2 L S1 S2 L S1 S2 

1st -A  8.6 OK   28.2  17.9 -26.3 

2nd -A  -18.8 -23.1   -62.5  -28.7 -29.9 

3rd -A  -11.2 -9.4   -23.8  -9.8 -10.3 

4th -A  6.5 OK   5.6  OK OK 

5th -A  OK OK   OK  OK OK 

6th  OK OK   OK  OK OK 

5th -B  OK OK   5.9  5.6 5.0 

4th -B  7.0 7.0   24.9  11.2 11.2 

3rd -B  -8.5 -7.5   OK  5.4 7.8 

2nd -B  -16.8 -17.4   -35.0  -5.0 OK 

1st -B  OK OK   28.2  OK 41.9 
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Comparison between reference and robust average value 

 
Assigned values acting as reference can be compared to the robust average derived from the result 

of each concentration level. The robust average value, *

iC , and its standard deviation, s
*
, is 

calculated according to ISO 13528 (see robust analysis in the Annex). 

Assuming a normal distribution for the bias, refi CC *
, the associated standard uncertainty is 

estimated as: 

 

2
2*)25.1(

refCbias u
p

s
s 


         Eq. 10 

 

where p is the number of participating laboratories. 

The null hypothesis for a bias equal to zero can be evaluated using the two tails statistical test of 

normal distribution of the random variable, Z, defined as:  

 

bias

refi

s

CC
Z




*

         Eq. 11 

 

for which the probability function of the distribution for a confidence level of (1-α) is:  

 

P(-Z1-α/2 < Z < -Z1-α/2 ) = 1 – α        Eq. 12 

 
α represent the level of significance of the test. P values lower than 0.95 imply no significant bias 

and the bias becomes significant with the increase of the P value. 

Tables 6.I to 6.III show the results of the statistical test. Significant biases with α values lower than 

0.01 can occasionally be observed for lower concentration levels. The relatively high uncertainty 

associated with the reference values and the robust averages imply, in particular for the lowest 

concentrations, that no significant differences are found, even if sometimes high biases appear. It 

is, however, observed a general trend of over-estimation of concentrations during the different 

steps of decreasing concentration in each of the series, which becomes more evident for the 

heaviest compounds. This is probably due to the carry over and memory effect of the 

instrumentation. 
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In general, these results confirm the reference values and associated uncertainties as coherent with 

the robust average values of the inter-laboratory comparison. 

 

 

Table 6.I.- Robust average value, level of significance and bias with respect to the reference value. L 

Level Benzene α Bias, % Toluene α Bias, % 

1ST-A 0.90 0.019
■

 -30.25 3.06 1.39E-02
■

 -35.45 

2ND-A 2.10 0.066 -30.13 6.69 5.72E-04* -36.53 

3RD-A 5.14 0.661 2.00 17.91 0.672 1.34 

4TH-A 10.50 0.655 3.51 35.64 0.986 0.05 

5TH-A 28.55 0.244 -6.17 102.75 0.461 -3.80 

6TH-A 49.20 0.889 -0.90 166.00 0.530 -5.49 

5TH-B 28.58 0.302 -5.60 104.36 0.724 -1.82 

4TH-B 9.60 0.396 -5.21 35.51 0.991 -0.07 

3RD-B 4.91 0.664 -1.92 18.67 0.287 6.27 

Level Ethyl-benzene α Bias, % m,p-Xylene α Bias, % 

1ST-A 0.51 1.17E-02
■

 -44.85 0.70 0.451 -23.94 

2ND-A 0.73 4.10E-04* -63.88 0.74 0.054 -63.45 

3RD-A 3.51 0.048 3.98 4.12 1.02E-06* 21.42 

4TH-A 6.50 0.167 -4.42 6.75 0.865 -1.28 

5TH-A 19.22 4.18E-03* -5.80 20.02 0.110 -2.41 

6TH-A 33.40 0.985 -0.06 34.29 0.737 2.59 

5TH-B 20.23 0.780 -0.37 20.66 0.819 1.20 

4TH-B 7.10 0.424 4.66 7.48 0.106 9.62 

3RD-B 2.98 0.334 -11.15 3.03 0.453 -10.14 

Level o-Xylene α Bias, %    

1ST-A 0.61 0.818 10.92    

2ND-A 0.74 5.13E-03* -63.52    

3RD-A 3.35 0.862 -1.83    

4TH-A 6.76 0.671 -1.74    

5TH-A 19.80 0.372 -3.97    

6TH-A 33.25 0.856 1.56    

5TH-B 20.74 0.809 1.08    

4TH-B 7.02 0.738 2.36    

3RD-B 3.33 0.814 -1.88    

*: 95-99 % confidence level, (1- α)   
■
 : > 99% confidence level, (1- α) 
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Table 6.II.- Robust average value, level of significance and bias with respect to the reference value. S1  

Level Benzene α Bias, % Toluene α Bias, % 

1ST-A 1.13 0.599 8.84 4.23 0.495 10.26 

2ND-A 2.69 5.81E-03* -13.11 9.51 7.50E-05* -12.40 

3RD-A 4.85 0.171 -6.11 16.63 0.200 -8.08 

4TH-A 9.91 0.111 -4.85 33.77 0.251 -7.34 

5TH-A 29.92 0.177 -4.19 95.61 0.157 -12.55 

6TH-A 50.64 0.598 -2.71 155.92 0.228 -14.77 

5TH-B 30.63 0.414 -1.94 101.53 0.399 -7.13 

4TH-B 10.44 0.888 0.31 37.01 0.816 1.53 

3RD-B 5.18 0.959 0.17 18.92 0.408 4.60 

2ND-B 3.06 0.809 -1.31 11.26 0.546 3.77 

1ST-B 1.19 0.420 14.17 4.80 0.119 25.00 

Level Ethyl-benzene α Bias, % m,p-Xylene α Bias, % 

1ST-A 0.69 0.659 22.18 1.03 0.501 62.98 

2ND-A 1.76 0.267 -13.01 1.88 0.458 -10.96 

3RD-A 3.07 0.237 -9.03 3.21 0.499 -8.96 

4TH-A 6.63 0.641 -2.34 6.89 0.682 -2.88 

5TH-A 19.79 0.442 -2.84 20.77 0.564 -2.40 

6TH-A 34.42 0.713 1.83 35.87 0.725 1.28 

5TH-B 20.60 0.823 1.15 21.61 0.719 1.54 

4TH-B 7.08 0.524 4.19 7.51 0.487 5.84 

3RD-B 3.30 0.836 -2.13 3.49 0.950 -0.96 

2ND-B 1.92 0.735 -4.95 2.01 0.814 -5.09 

1ST-B 0.67 0.650 19.58 0.82 0.679 29.75 

Level o-Xylene α Bias, %    

1ST-A 0.74 0.864 7.93    

2ND-A 1.69 4.84E-03* -23.72    

3RD-A 3.10 0.028 -15.93    

4TH-A 6.82 0.183 -8.30    

5TH-A 20.69 0.103 -7.24    

6TH-A 35.61 0.248 -5.55    

5TH-B 21.69 0.601 -2.77    

4TH-B 7.39 0.938 -0.63    

3RD-B 3.39 0.440 -8.05    

2ND-B 1.93 0.381 -12.94    

1ST-B 0.76 0.835 9.75    

*: 95-99 % confidence level, (1- α)     
■
 : > 99% confidence level, (1- α) 
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Table 6.III.- Robust average value, level of significance and bias with respect to the reference value. S2  

Level Benzene α Bias, % Toluene α Bias, % 

1ST-A 1.067 0.851 2.48 4.14 0.380 7.89 

2ND-A 2.861 2.59E-06* -7.73 9.96 0.025
■

 -8.26 

3RD-A 5.073 0.439 -1.84 18.12 0.971 0.15 

4TH-A 10.326 0.527 -0.82 36.93 0.744 1.32 

5TH-A 30.914 0.606 -1.02 102.93 0.459 -5.86 

6TH-A 51.532 0.803 -1.00 164.21 0.339 -10.24 

5TH-B 31.109 0.842 -0.40 104.58 0.601 -4.34 

4TH-B 10.566 0.526 1.48 38.93 0.193 6.82 

3RD-B 5.151 0.921 -0.32 19.22 0.316 6.22 

2ND-B 3.023 0.613 -2.50 11.43 0.425 5.33 

1ST-B 1.137 0.589 9.17 4.64 0.248 20.87 

Level Ethyl-benzene α Bias, % m,p-Xylene α Bias, % 

1ST-A 0.49 0.712 -11.79 0.60 0.927 -5.63 

2ND-A 1.43 9.88E-03* -29.16 1.39 0.025
■

 -34.04 

3RD-A 2.93 0.073 -13.13 2.90 0.206 -17.71 

4TH-A 6.67 0.651 -1.83 6.61 0.326 -6.76 

5TH-A 20.22 0.867 -0.74 20.41 0.413 -4.10 

6TH-A 34.78 0.527 2.89 35.60 0.918 0.51 

5TH-B 20.87 0.632 2.43 21.13 0.897 -0.69 

4TH-B 7.27 0.297 7.00 7.20 0.871 1.49 

3RD-B 3.25 0.691 -3.50 3.17 0.518 -10.07 

2ND-B 1.78 0.406 -12.18 1.78 0.499 -15.98 

1ST-B 0.67 0.658 20.28 0.82 0.695 29.35 

Level o-Xylene α Bias, %    

1ST-A 0.58 0.646 -16.54    

2ND-A 1.38 1.16E-03* -37.51    

3RD-A 2.93 2.11E-02
■

 -20.65    

4TH-A 6.81 0.105 -8.37    

5TH-A 21.20 0.252 -4.95    

6TH-A 36.24 0.383 -3.89    

5TH-B 22.00 0.787 -1.35    

4TH-B 7.52 0.879 1.14    

3RD-B 3.31 0.264 -10.24    

2ND-B 1.75 0.211 -20.81    

1ST-B 0.78 0.781 13.59    

*: 95-99 % confidence level, (1- α)   
■
 : > 99% confidence level, (1- α) 
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Blank levels 

 
Figure 2 shows the concentrations and corresponding uncertainties (± 1 σ) reported by the 

participants during the zero air concentration levels (L-zero-up, S2-zero-up and S2-zero-down). As 

a median, depending on the compound and the instrument, these levels represent between 5 and 

20 % of the 1
st
 tested level of concentration. If considered as a blank level, these are in the range 

with the uncertainty associated to the 1
st
 level of tested concentration. 

 

 

 

 

Figure 2.– Reported blank levels 
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Outliers, repeatability, reproducibility and robustness of the method 

 
As indicated in the previous section, repeatability and reproducibility standard deviation were 

calculated after elimination of the outliers identified by the k and h statistics. The results of these 

statistics are shown in figures 3.I.a-c and 3.II.a-c. The values of repeatability, reproducibility 

standard deviation and robustness of the three series are represented in figures 4.I to 4.III for each 

compound and tested concentration. 

 

 

 

k1 and k5 corresponds to the 99 and 95 % confidence level) 

Figure 3.I.a.– k-values for the L series 
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k1 and k5corresponds to the 99 and 95 % confidence level) 

Figure 3.I.b.– k-values for the S1 series 
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k1 and k5 corresponds to the 99 and 95 % confidence level) 

Figure 3.I.c.– k-values for the S2 series 
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-------- h1: 99 % c.l. outlier identification                     --------- h2: 95 %  c.l. straggler identification 

Figure 3.II.a.– h-values of the L series 
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-------- h1: 99 % c.l. outlier identification                     --------- h2: 95 %  c.l. straggler identification 

Figure 3.II.b.– h-values for the S1 series 
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-------- h1: 99 % c.l. outlier identification                     --------- h2: 95 %  c.l. straggler identification 

Figure 3.II.c.– h-values for the S2 series 
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Figure 4.I.- Repeatability of the L, S1 and S2 series 
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Figure 4.II.- Reproducibility of the(L, S1 and S2 series 



40 

 

 

Figure 4.III- Robustness of the L, S1 and S2 series 
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As expected, figures 4.I and 4.II show that the values of repeatability and reproducibility increase 

with the decrease of the concentration. It is noted that the increase of the reproducibility value 

with concentration observed for toluene is probably due to a lack of linearity or a wrong calibration 

range of most of the instruments for this compound. 

On the other hand, the robustness of the method (figure 4.III) seems to improve with respect to the 

previous two exercises (1
st
 and 2

nd
 BTEX inter-laboratory comparisons, EUR 22523EN, EUR 

23792EN); this is probably due to the fact that, in this last inter-laboratory comparison, 

repeatability uncertainties were estimated for each concentration step by participants and used for 

input in the evaluation of results instead of the standard deviations of the n-individual 

measurements reported for concentration step in the past. 

Table 7 shows, the average value of repeatability, reproducibility and robustness for each analyte 

during the three concentration series (L, S1 and S2). Again, it is noted the increase in the 

repeatability value of the method with respect to the 2
nd 

BTEX inter-laboratory comparison and the 

improvement on the robustness of the method for all compounds and the benzene reproducibility 

in particular (see annex).  

 

Table 7.- Average repeatability, reproducibility and  values of the inter-laboratory exercise 

 Repeatability, % Reproducibility, % Robustness 

() 

Benzene 4.7 7.9 1.7 

Toluene 4.2 15.1 3.6 

Ethyl-benzene 9.4 20.0 2.2 

m,p-Xylene 9.3 26.6 2.8 

o-Xylene 9.7 17.7 1.8 
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Standard deviation of the proficiency assessment N37 

 
An overall evaluation of the method can be obtained from the comparison of the minimum 

acceptable standard deviation compatible with the reproducibility of the exercise and the standard 

deviation for proficiency assessment N37. In figure 5 both relative standard deviations are 

represented for the three concentration series and considered compound. For the estimation of 

the corresponding reproducibility values and standard deviation, outliers identified with the k and 

h test were excluded. 

The minimum relative standard deviations calculated from the proficiency test agree with the N37 

criteria for most of the compounds and concentrations, with the exception of toluene, for which 

the calculated minimum relative standard deviations compatible with the reproducibility of the 

tests become higher than the N37 criteria. This fact is probably due to the lack of linearity in the 

extrapolation of the calibration range at the higher concentrations in most of the instruments. 

Assuming that the calibration range was optimised for the analysis of benzene in the range from 0 

to 50 µg/m
3
, toluene was consequently out of range, as toluene concentrations were in a ratio of 3 

to 1 with respect to benzene during the exercise. All laboratories were using BTEX standard 

mixtures with similar concentrations for all the compounds. 



43 

 

 
______

 Relative standard deviation from AQUILA N37 proposal, 
37

ˆ
N /Cref 

.
100 

--O--  Minimum relative standard deviation compatible with the reproducibility of the exercise, 
m̂ /Cref 

.
100 

Figure 5.- Minimum standard deviation compatible with reproducibility of the tests and standard 

deviation for proficiency assessment N37 
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Repeatability-score and En value 

 
The individual evaluation of the laboratory test performance was carried out by means of the 

previously defined repeatability-score and En value. Results from the repeatability score are shown 

in figures 6.I to 6.III. Repeatability values over the red line correspond to reported uncertainties that 

exceed the criteria considered by the N37 and EN 14662-3. 

 

 

 
-------- 99 % c.l. outlier identification                     ---------  95 %  c.l. straggler identification 

Figure 6.I.- Repeatability-score (N37) for the inter-laboratory comparison exercise. L series 

  



45 

 

 

 
-------- 99 % c.l. outlier identification                     ---------  95 %  c.l. straggler identification 

Figure 6.II.- Repeatability-score (N37) for the inter-laboratory comparison exercise. S1 series 
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-------- 99 % c.l. outlier identification                     ---------  95 %  c.l. straggler identification 

Figure 6.III.- Repeatability-score (N37) for the inter-laboratory comparison exercise. S2 series 

 
En values have been determined for each reported concentration from each instrument. The results 

are shown in Tables 8.I to 8.V. Tables show in red the values that have not passed the En values 

(Action) test or the repeatability score (EU %). En warnings are instead highlighted in green.  

Repeatability score and En value can be considered as supplementary test in the evaluation of the 

result. A high reported uncertainty could compensate a particular high bias and consequently pass 

the En value test. Such eventuality is eventuality identified by the repeatability score test. This is, for 

instance, the case of 1
st
-A level of the L series in VMM-2 for benzene in table 8.I.a. the 3

rd
 –A level 

in EPA2 of table 8.I.b. or the  3
rd

-A to 3
rd

-B levels of AAA in table 8.I.c. 

This type of statistical analysis provides an overview of the individual results provided by each 

laboratory. The interpretation of the actions and warnings is a matter for each laboratory and 

outside of the considerations of this report. 
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Table 8.I. a.- En value, bias and reported expanded uncertainty of the participants: benzene 

 

 

Table 8.I.b.- En value, bias and reported expanded uncertainty of the participants: benzene 

Benzene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.93 warning -1.02 -27.78 33.45 0.67 Action -3.78 -47.88 3.73

S1 1.28 OK 0.39 22.46 41.10 0.82 OK -0.81 -21.72 1.72 1.09 OK 0.15 4.69 14.31

S2 0.95 OK -0.43 -8.75 2.95 0.74 warning -1.42 -28.92 3.78 1.01 OK -0.12 -2.99 14.85

L 2.11 OK -0.30 -29.92 143.09 1.42 OK -0.72 -52.89 156.89

S1 2.80 OK -0.53 -9.70 20.21 2.42 Action -1.67 -22.12 16.98 2.82 OK -0.99 -9.06 10.07

S2 2.78 OK -0.94 -10.34 12.23 2.44 Action -1.52 -21.47 17.99 2.82 OK -0.98 -9.05 10.07

L 4.83 OK -0.52 -4.17 6.76

S1 4.89 OK -0.87 -5.38 5.19 4.81 Action -1.84 -7.03 0.29 5.03 OK -0.28 -2.68 8.91

S2 5.06 OK -0.37 -2.19 4.75 4.93 warning -1.28 -4.61 0.57 4.99 OK -0.37 -3.45 8.90

L 10.28 OK -0.28 -1.34 2.37 10.66 10.12

S1 10.40 OK -0.54 -1.32 1.25 11.02 warning 1.09 2.33 0.39 10.23 OK -0.34 -2.80 8.14

S2 10.01 OK -0.07 -0.16 2.31 Action 9.57 5.80 0.13 OK -0.22 -1.74 8.13

L 30.16 OK -0.19 -0.89 4.37

S1 31.09 OK -0.20 -0.47 1.05 34.89 Action 5.25 11.69 0.61 31.07 OK -0.07 -0.52 7.64

S2 31.37 OK 0.21 0.44 0.54 36.62 Action 7.38 17.23 0.97 31.14 OK -0.04 -0.30 7.64

L 53.07 OK 0.80 6.89 6.14

S1 53.84 Action 6.88 3.43 0.29 61.93 Action 21.50 18.97 0.66 53.21 OK 0.29 2.23 7.54

S2 53.50 OK 0.93 2.77 2.83 65.14 Action 38.04 25.13 0.02 53.83 OK 0.44 3.42 7.54

L 30.00 OK -0.22 -0.93 3.41

S1 31.57 Action 1.77 1.07 0.58 35.26 Action 27.48 12.90 0.40 31.04 OK -0.08 -0.62 7.64

S2 31.41 OK 0.23 0.55 2.30 37.05 Action 23.52 18.63 0.23 31.31 OK 0.03 0.25 7.64

L 10.05 OK -0.09 -0.72 6.94

S1 10.48 OK 0.22 0.65 1.62 10.93 Action 1.97 4.93 0.38 10.17 OK -0.28 -2.32 8.14

S2 10.43 OK 0.06 0.17 0.67 11.35 Action 3.28 8.96 0.62 10.34 OK -0.08 -0.69 8.12

L 4.94 OK -0.20 -1.34 4.11 4.84 OK -0.63 -3.40 1.45

S1 5.11 OK -0.25 -1.13 0.55 4.98 OK -0.81 -3.64 0.56 5.02 OK -0.30 -2.87 8.88

S2 5.12 OK -0.16 -1.03 1.37 5.13 OK -0.14 -0.83 0.82 5.07 OK -0.18 -1.90 8.88

L

S1 3.04 OK -0.24 -2.12 1.38 2.77 warning -1.26 -10.83 0.51 3.03 OK -0.18 -2.28 9.90

S2 3.10 OK 0.00 -0.02 3.68 2.81 warning -1.07 -9.54 1.50 3.04 OK -0.15 -1.96 9.87

L

S1 1.12 OK 0.25 7.57 12.68 0.81 OK -0.77 -22.20 10.37 1.08 OK 0.12 3.73 14.44

S2 1.12 OK 0.24 7.58 7.50 0.86 OK -0.57 -17.88 11.46 1.09 OK 0.14 4.69 14.31

EKONERG

1ST B

VMM-1 VMM-2

6TH a

5TH B

4TH B

3TH B

2ND B

1ST A

2ND A

3RD A

4TH A

5TH A
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Benzene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.90 Action -2.13 -29.70 8.69 0.32 Action -5.37 -75.13 25.25 0.92 warning -1.24 -28.80 27.48

S1 1.00 OK -0.16 -4.44 8.04 0.72 OK -0.98 -31.33 25.17 1.04 OK 0.00 -0.11 27.31

S2 0.96 OK -0.38 -8.18 8.16

L

S1 2.73 Action -2.60 -11.86 5.12 1.72 Action -2.99 -44.44 26.70 2.08 Action -1.79 -32.92 27.40

S2 2.74 Action -2.54 -11.73 5.12

L 5.35 OK 0.21 6.19 27.40

S1 4.61 Action -1.88 -10.74 4.77 2.96 Action -2.75 -42.77 26.37 3.19 Action -2.22 -38.37 27.38

S2 4.63 Action -1.89 -10.49 4.76

L 9.29 warning -1.32 -7.96 4.73 4.49 5.33 warning 1.14 45.69 27.43

S1 9.29 Action -2.29 -10.81 4.74 Action -4.94 -56.92 26.31 Action -3.44 -48.81 27.39

S2 9.34 Action -2.52 -10.74 4.73 14.78

L 27.73 Action -1.96 -8.86 4.62 25.31 OK -0.74 -16.83 27.41

S1 27.53 Action -2.60 -11.85 4.58 8.86 Action -9.20 -71.65 26.42

S2 27.91 Action -2.33 -10.66 4.59

L 47.20 OK -0.70 -4.94 4.58 15.24 Action -6.88 -69.31 27.41

S1 46.98 Action -2.34 -9.74 4.60

S2 47.64 Action -2.00 -8.48 4.58

L 27.88 Action -1.61 -7.92 4.60 5.57 Action -14.47 -81.59 27.40

S1 27.79 Action -2.69 -11.01 4.61

S2 28.14 Action -2.34 -9.92 4.62

L 9.38 warning -1.17 -7.39 4.71 3.24 Action -6.86 -68.00 27.44

S1 9.35 Action -2.09 -10.25 4.71

S2 9.47 Action -1.82 -9.06 4.65

L 4.59 warning -1.22 -8.32 4.81

S1 4.63 Action -1.69 -10.43 4.75

S2 4.68 warning -1.26 -9.37 4.70

L

S1 2.79 warning -1.05 -10.19 5.03

S2 2.83 OK -0.89 -8.79 4.95

L

S1 0.99 OK -0.17 -4.82 8.07

S2 1.00 OK -0.14 -4.43 8.04

HMS EPA-1 EPA-2

1ST A

2ND A

3RD A

4TH A

5TH A

6TH a

5TH B

4TH B

3TH B

2ND B

1ST B
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Table 8.I.c.- En value, bias and reported expanded uncertainty of the participants: benzene 

 

Table 8.I.d.- En value, bias and reported expanded uncertainty of the participants: benzene 

 

Benzene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 1.22 OK -0.22 -5.33 21.81 1.27 OK -0.07 -1.23 13.15

S1 1.40 OK 0.89 34.75 21.24 1.44 warning 1.20 38.59 13.03 1.04 OK 0.00 0.08 62.38

S2 1.16 OK 0.36 11.22 21.24 1.41 warning 1.32 35.43 13.05 0.93 OK -0.17 -10.67 67.10

L 2.78 OK -0.38 -7.58 21.18 2.93

S1 2.94 OK -0.27 -5.35 21.19 3.02 OK -0.19 -2.48 13.03 2.99 OK -0.10 -3.48 37.35

S2 2.95 OK -0.24 -4.89 21.23 2.95 OK -0.38 -4.76 13.00 2.95 OK -0.14 -4.86 37.56

L

S1 5.39 OK 0.19 4.35 21.29 5.27 OK 0.14 1.87 12.99 5.17 OK 0.00 -0.01 31.73

S2 5.43 OK 0.22 5.01 21.26 5.18 OK 0.01 0.17 13.02 5.09 OK -0.05 -1.49 31.86

L 10.54 OK 0.21 2.99 13.00

S1 10.28 OK -0.06 -1.28 21.50 10.30 OK 0.09 1.23 13.00 9.94 OK -0.15 -3.92 27.99

S2 10.55 OK 0.06 1.28 21.53 10.45 OK -0.08 -1.06 13.01 10.57 OK -0.17 -4.53 28.03

L 30.98 OK 0.13 1.80 13.01

S1 28.65 OK -0.38 -8.26 23.56 31.12 OK -0.03 -0.37 13.00 29.84 OK -0.18 -4.45 25.34

S2 29.83 OK -0.20 -4.51 23.76 30.94 OK -0.07 -0.93 13.00 30.08 OK -0.15 -3.71 25.33

L 52.98 OK 0.45 6.71 13.02

S1 45.38 OK -0.55 -12.82 26.76 53.12 OK 0.15 2.05 13.00 50.39 OK -0.13 -3.19 24.80

S2 47.27 OK -0.37 -9.19 27.18 52.47 OK 0.06 0.81 13.00 50.39 OK -0.13 -3.19 24.79

L 31.13 OK 0.21 2.80 13.00

S1 28.92 OK -0.34 -7.41 23.60 31.27 OK 0.01 0.12 13.00 30.49 OK -0.10 -2.39 25.31

S2 30.00 OK -0.17 -3.96 23.78 31.12 OK -0.03 -0.36 13.00 30.11 OK -0.15 -3.60 25.33

L 10.54 OK 0.29 4.15 13.04

S1 10.49 OK 0.04 0.78 21.52 10.99 OK 0.40 5.53 13.00 10.10 OK -0.11 -2.98 27.95

S2 10.78 OK 0.16 3.54 21.54 10.81 OK 0.28 3.81 13.01 10.03 OK -0.13 -3.65 27.99

L 5.35 OK 0.46 6.88 13.01

S1 5.55 OK 0.32 7.35 21.27 5.38 OK 0.29 4.17 13.00 5.20 OK 0.02 0.65 31.68

S2 5.23 OK 0.08 1.10 13.01 5.11 OK -0.03 -1.10 31.81

L

S1 3.37 OK 0.35 8.68 21.25 3.04 OK -0.13 -1.93 13.02 3.04 OK -0.06 -2.06 37.14

S2 2.99 OK -0.23 -3.54 12.97 2.99 OK -0.09 -3.50 37.37

L

S1 1.48 warning 1.03 42.15 21.22 1.44 warning 1.17 38.59 13.03 1.08 OK 0.06 3.92 61.00

S2 1.09 OK 0.12 4.41 21.16 1.43 warning 1.07 37.64 12.98 1.01 OK -0.05 -3.28 63.75

AAA GIOS IPH_S

1ST A

2ND A

3RD A

4TH A

5TH A

1ST B

6TH a

5TH B

4TH B

3TH B

2ND B

Benzene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L

S1 1.51 warning 1.24 45.41 17.17

S2 1.10 OK 0.09 5.85 57.62 1.35 OK 0.91 29.38 19.30

L

S1 3.06 OK -0.16 -1.35 8.50

S2 2.89 OK -0.32 -6.79 22.94 3.01 OK -0.36 -3.05 8.65

L

S1 5.41 OK 0.74 4.68 4.81

S2 4.99 OK -0.25 -3.47 13.72 5.28 OK 0.35 2.14 4.93

L 10.55

S1 10.38 10.50 OK 0.40 1.30 2.47

S2 OK -0.05 -0.35 7.23 OK 0.32 0.81 2.48

L

S1 30.17 warning -1.49 -3.40 0.86

S2 32.15 OK 0.76 2.92 3.15 30.90 OK -0.48 -1.06 0.84

L

S1 41.27 Action -32.43 -20.71 0.63

S2 55.42 Action 2.50 6.46 2.35 43.29 Action -20.34 -16.84 0.60

L

S1 30.48 Action -2.88 -2.42 0.85

S2 32.65 warning 1.34 4.53 3.16 31.18 OK -0.16 -0.18 0.83

L

S1 10.70 OK 0.79 2.76 2.43

S2 10.82 OK 0.50 3.89 6.99 10.79 OK 1.00 3.62 2.41

L

S1 5.49 OK 0.92 6.21 4.74

S2 5.26 OK 0.12 1.82 13.01 5.43 OK 0.64 5.05 4.79

L

S1 3.42 OK 0.85 10.23 7.61

S2 3.13 OK 0.05 1.04 21.13 3.34 OK 0.62 7.59 7.79

L

S1 1.50 warning 1.19 44.45 17.29

S2 1.22 OK 0.25 17.28 52.47 1.42 OK 0.93 36.49 18.30

4TH B

3TH B

2ND B

1ST B

1ST A

2ND A

3RD A

4TH A

5TH A

6TH a

5TH B

AEAISCIII
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Table 8.II.a.- En value, bias and reported expanded uncertainty of the participants: toluene 

 

Table 8,II,b.- En value, bias and reported expanded uncertainty of the participants: toluene 

 

Toluene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 3.59 warning -1.31 -24.23 15.27 2.99 Action -2.45 -37.00 7.03

S1 4.35 OK 0.65 13.35 3.26 3.92 OK 0.09 2.14 12.24 3.57 OK -0.32 -6.98 9.52

S2 4.03 OK 0.39 5.02 3.52 3.50 OK -0.71 -8.80 1.60 3.32 OK -0.91 -13.49 9.64

L 6.35 OK -0.53 -39.82 122.81 5.50 OK -0.55 -47.88 164.99

S1 9.96 OK -0.56 -8.24 15.90 10.20 OK -0.32 -6.03 20.24 8.76 Action -2.89 -19.30 8.26

S2 9.94 OK -0.61 -8.47 14.66 10.29 OK -0.24 -5.20 22.55 8.35 Action -3.07 -23.07 8.31

L 18.15 OK 0.43 2.69 2.03

S1 17.28 OK -0.80 -4.49 4.91 19.78 Action 2.82 9.33 1.00 15.39 Action -2.02 -14.93 7.89

S2 18.05 OK -0.05 -0.26 4.00 20.42 Action 3.86 12.87 0.41 15.64 Action -1.79 -13.55 7.88

L 36.64 OK 0.53 2.86 2.64

S1 37.73 OK 0.73 2.68 2.68 43.49 Action 5.76 15.77 1.10 31.47 Action -1.94 -13.66 7.64

S2 37.73 warning 1.18 3.51 2.21 43.49 Action 7.60 19.33 1.43 31.62 Action -1.92 -13.24 7.64

L 112.58 warning 1.26 5.39 2.82

S1 114.88 Action 5.02 5.07 0.75 129.16 Action 27.65 18.14 0.15 90.31 Action -2.80 -17.40 7.48

S2 116.10 Action 6.49 6.19 0.75 133.72 Action 12.32 22.31 1.42 91.40 Action -2.61 -16.40 7.48

L 192.89 warning 1.26 5.39 2.82

S1 196.73 Action 5.02 5.07 0.75 221.42 Action 27.65 18.14 0.15 119.78 Action -2.80 -17.40 7.48

S2 195.43 Action 6.49 6.19 0.75 232.15 Action 12.32 22.31 1.42 123.32 Action -2.61 -16.40 7.48

L 113.27 warning 1.34 6.57 2.47

S1 117.18 Action 3.81 7.18 0.71 132.40 Action 11.49 21.10 0.52 90.77 Action -2.63 -16.98 7.48

S2 117.13 Action 4.00 7.13 1.20 136.92 Action 16.34 25.23 0.73 91.78 Action -2.51 -16.05 7.48

L 37.18 OK 0.58 4.63 5.07

S1 38.72 warning 1.43 6.24 1.97 44.34 Action 5.09 21.64 1.56 31.97 Action -1.59 -12.28 7.64

S2 38.98 Action 1.86 6.95 1.23 45.84 Action 4.96 25.76 3.05 32.39 warning -1.46 -11.13 7.63

L 18.10 OK 0.41 2.99 3.30 20.16 Action 2.24 14.74 0.42

S1 18.94 OK 0.92 4.66 1.42 21.16 Action 3.16 16.93 1.94 15.86 warning -1.46 -12.33 7.88

S2 18.99 OK 0.95 4.97 1.79 21.88 Action 4.05 20.94 1.43 15.89 warning -1.44 -12.17 7.87

L

S1 11.27 OK 0.53 3.78 2.13 12.12 Action 1.73 11.66 0.23 9.47 warning -1.30 -12.76 8.19

S2 11.31 OK 0.63 4.20 0.00 12.48 Action 2.04 14.94 2.61 9.43 warning -1.34 -13.12 8.21

L

S1 4.57 OK 0.76 19.08 7.44 4.32 OK 0.42 12.44 15.39 3.74 OK -0.10 -2.54 9.41

S2 4.72 OK 0.83 22.87 9.88 4.45 OK 0.56 15.96 12.09 3.69 OK -0.15 -3.84 9.43

2ND A

3RD A

4TH A

5TH A

6TH a

VMM-1 VMM-2

5TH B

4TH B

3TH B

2ND B

1ST B

1ST A

EKONERG

Toluene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % STATE En BIAS % EU %

L 3.35 Action -1.87 -29.31 8.57 1.38 Action -4.29 -70.90 27.56 0.86 Action -5.36 -81.81 26.91

S1 3.99 OK 0.19 4.07 7.51 3.29 OK -0.46 -14.17 26.72 1.30 Action -2.99 -66.07 27.04

S2 3.65 OK -0.35 -4.99 7.68

L

S1 9.84 Action -1.95 -9.33 5.28 6.45 Action -2.53 -40.54 26.96 2.91 Action -10.10 -73.18 27.00

S2 9.72 Action -1.73 -10.47 5.15

L 11.13 Action -2.06 -37.05 27.03

S1 16.81 warning -1.29 -7.07 4.88 11.66 Action -2.02 -35.54 26.93 5.73 Action -7.51 -68.35 27.00

S2 16.78 warning -1.29 -7.25 4.89

L 34.37 OK -0.53 -3.49 4.74 35.60 OK 0.00 -0.05 27.09

S1 34.13 warning -1.26 -6.35 4.75 19.07 Action -3.33 -47.67 26.95 12.12 Action -7.18 -66.74 26.99

S2 34.47 warning -1.11 -5.41 4.76

L 102.53 OK -0.73 -4.01 4.69 60.04 Action -2.83 -43.79 27.01

S1 102.05 Action -1.51 -6.66 4.68 36.04 Action -7.51 -67.04 27.03 38.30 Action -6.85 -64.97 27.00

S2 103.53 warning -1.18 -5.30 4.69

L 164.84 OK -0.73 -4.01 4.69 38.17 Action -2.83 -43.79 27.01

S1 164.84 Action -1.51 -6.66 4.68 Action -7.51 -67.04 27.03 Action -6.85 -64.97 27.00

S2 166.31 warning -1.18 -5.30 4.69

L 103.32 OK -0.45 -2.79 4.71 12.44 Action -17.02 -88.30 27.00

S1 102.99 warning -1.22 -5.80 4.68

S2 104.32 OK -0.99 -4.59 4.68

L 34.69 OK -0.31 -2.37 4.76 5.94 Action -11.16 -83.29 27.06

S1 17.29 Action -8.92 -52.57 9.49

S2 35.18 OK -0.61 -3.49 4.72

L 17.05 OK -0.36 -2.95 4.91

S1 17.29 OK -0.66 -4.44 4.86

S2 17.19 OK -0.87 -4.97 3.14

L

S1 10.27 OK -0.65 -5.40 5.26

S2 10.35 OK -0.39 -4.68 10.44

L

S1 4.03 OK 0.20 5.09 7.44

S2 4.05 OK 0.22 5.62 7.40

1ST A

HMS

3TH B

2ND B

1ST B

2ND A

3RD A

4TH A

5TH A

6TH a

5TH B

4TH B

EPA-1 EPA-2
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Table 8.II.c.- En value, bias and reported expanded uncertainty of the participants: toluene 

 

 

Table 8.II.d.- En value, bias and reported expanded uncertainty of the participants toluene 

 

Toluene

STATE En BIAS % EU % STATE En BIAS % EU % STATE En BIAS % EU %

L 4.48 OK -0.37 -5.41 2.87 4.23 OK -0.53 -10.68 15.60

S1 5.42 41.10 6.09 Action 1.84 58.66 15.60 4.09 OK 0.13 6.52 43.74

S2 4.63 20.62 4.75 warning 1.04 23.75 15.58 3.80 OK -0.02 -1.11 44.64

L 9.64 -8.61

S1 9.85 -9.27 10.00 OK -0.55 -7.91 15.61 9.63 OK -0.34 -11.26 36.98

S2 10.13 -6.68 9.33 warning -1.01 -14.08 15.59 9.49 OK -0.39 -12.60 37.07

L

S1 18.41 1.74 17.92 OK -0.06 -0.93 15.60 16.81 OK -0.22 -7.11 34.86

S2 18.93 4.66 17.37 OK -0.26 -3.99 15.60 16.82 OK -0.22 -7.05 34.85

L 35.77 OK 0.03 0.43 15.68 37.30

S1 34.01 -6.70 36.94 OK 0.08 1.35 15.60 35.08 OK -0.12 -3.76 33.37

S2 35.37 -2.96 35.94 OK -0.09 -1.38 15.60 35.23 OK -0.10 -3.33 33.36

L 103.87 OK -0.18 -2.76 15.64

S1 76.67 -29.88 103.47 OK -0.36 -5.36 15.60 113.71 OK 0.12 4.00 32.42

S2 78.77 -27.96 102.34 OK -0.44 -6.40 15.60 115.08 OK 0.15 5.26 32.42

L 170.02 OK -0.18 -2.76 15.64

S1 100.83 -29.88 169.55 OK -0.36 -5.36 15.60 195.15 OK 0.12 4.00 32.42

S2 104.40 -27.96 168.00 OK -0.44 -6.40 15.60 194.40 OK 0.15 5.26 32.42

L 106.83 OK 0.03 0.50 15.69

S1 77.56 -29.06 104.52 OK -0.29 -4.40 15.60 115.80 OK 0.17 5.92 32.41

S2 79.69 -27.11 106.11 OK -0.19 -2.95 15.60 115.56 OK 0.17 5.69 32.42

L 38.79 OK 0.49 9.16 16.15

S1 35.72 -1.99 39.79 OK 0.53 9.18 15.60 35.95 OK -0.04 -1.36 33.33

S2 36.77 0.90 39.66 OK 0.51 8.81 15.60 36.08 OK -0.03 -1.02 33.33

L 19.38 OK 0.56 10.30 15.68

S1 19.27 6.53 19.88 OK 0.55 9.87 15.60 17.19 OK -0.15 -4.98 34.80

S2 19.80 OK 0.53 9.45 15.60 17.15 OK -0.16 -5.18 34.80

L

S1 11.89 9.49 12.08 OK 0.61 11.33 15.61 9.84 OK -0.27 -9.33 36.88

S2 12.01 OK 0.57 10.62 15.61 9.90 OK -0.26 -8.79 36.85

L

S1 5.49 43.11 6.19 Action 1.77 61.17 15.59 4.09 OK 0.13 6.65 43.73

S2 0.55 -85.72 6.21 Action 1.74 61.69 15.60 4.14 OK 0.15 7.88 43.57

1ST B

4TH A

5TH A

6TH a

5TH B

4TH B

2ND A

3RD A

3TH B

2ND B

IPH_S

1ST A

AAA GIOS

Toluene

STATE En BIAS % EU % STATE En BIAS % EU %

L

S1 5.22 warning 1.34 36.05 13.14

S2 4.71 OK 0.94 22.60 16.80 4.89 warning 1.26 27.40 14.03

L

S1 10.58 OK -0.40 -2.52 6.48

S2 10.94 OK 0.08 0.77 9.25 11.22 OK 0.45 3.38 6.11

L

S1 19.91 Action 2.04 10.02 3.45

S2 18.41 OK 0.27 1.73 5.30 20.67 Action 2.83 14.23 3.32

L

S1 38.04 warning 1.43 4.38 1.80

S2 38.08 warning 1.16 4.49 3.24 41.16 Action 4.85 12.93 1.67

L

S1 74.15 Action -36.18 -32.18 0.93

S2 117.75 Action 3.61 7.70 1.92 3.44 Action -119.00 -96.85 19.92

L

S1 79.08 Action -36.18 -32.18 0.93

S2 198.42 Action 3.61 7.70 1.92 95.49 Action -119.00 -96.85 19.92

L

S1 71.02 Action -19.11 -35.04 0.97

S2 122.12 Action 4.28 11.70 2.18 61.54 Action -31.42 -43.71 1.11

L

S1 41.38 Action 3.18 13.53 1.66

S2 41.69 14.38 43.81 Action 5.09 20.21 1.57

L

S1 21.81 Action 3.34 20.57 3.14

S2 20.50 Action 1.75 13.34 5.15 22.32 Action 3.78 23.37 3.07

L

S1 13.17 Action 2.31 21.36 5.21

S2 12.58 warning 1.49 15.92 7.19 13.41 Action 2.57 23.59 5.11

L

S1 5.95 Action 1.86 55.04 11.53

S2 5.87 Action 1.58 53.02 14.81 6.04 Action 1.88 57.32 11.36

6TH a

5TH B

4TH B

3TH B

2ND B

1ST B

1ST A

2ND A

3RD A

4TH A

5TH A

ISCIII AEA



52 

Table 8.III.a.- En value, bias and reported expanded uncertainty of the participants: ethyl-benzene 

 

 

Table 8.III.b.- En value, bias and reported expanded uncertainty of the participants: ethyl-benzene 

Ethyl-benzene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.57 Action -2.39 -38.53 10.58 0.18 Action -5.20 -80.42 23.83

S1 0.74 OK 0.39 31.88 11.35 0.21 OK -0.79 -62.57 13.33 0.60 OK 0.08 6.93 20.00

S2 0.58 3.37 0.19 warning -1.20 -67.03 52.97 0.51 OK -0.16 -9.11 22.35

L 1.02 OK -0.79 -49.60 123.94 0.44 Action -1.90 -78.15 186.36

S1 2.33 OK 0.14 15.21 91.07 0.94 Action -4.42 -53.77 25.67 1.66 Action -1.77 -17.92 11.93

S2 1.64 warning -1.50 -19.15 14.68 0.88 Action -6.26 -56.73 17.83 1.59 Action -2.00 -21.38 12.20

L 3.52 OK 0.37 4.11 10.07

S1 2.96 warning -1.32 -12.19 3.85 2.22 -34.14 3.14 OK -0.55 -6.85 9.81

S2 2.91 Action -1.72 -13.82 1.45 2.18 Action -4.24 -35.33 3.85 3.12 OK -0.62 -7.44 9.81

L 6.72 Action -1.72 -4.27 1.58 5.88 6.27

S1 6.73 OK -0.17 -1.05 3.36 5.93 Action -2.44 -13.41 1.94 6.27 OK -0.81 -7.67 8.58

S2 6.51 OK -0.22 -0.89 0.42 Action -2.63 -12.67 2.87 OK -0.86 -7.67 8.61

L 19.70 warning -1.00 -3.43 3.28

S1 20.04 OK -0.96 -1.65 1.34 22.75 Action 6.57 11.68 1.24 18.64 warning -1.18 -8.50 7.80

S2 20.18 OK -0.58 -0.96 1.33 23.40 Action 9.98 14.87 0.97 18.63 warning -1.19 -8.55 7.80

L 33.58 OK 0.09 0.48 1.06

S1 34.38 OK 0.50 1.72 0.08 41.26 Action 6.42 22.06 0.10 31.63 OK -0.81 -6.42 7.64

S2 34.45 OK 0.67 1.92 0.00 42.59 Action 8.24 25.99 1.03 31.75 OK -0.79 -6.07 7.63

L 20.26 OK -0.04 -0.22 4.67

S1 20.58 OK 0.26 1.00 0.89 23.45 Action 3.98 15.09 0.55 18.95 OK -0.85 -6.97 7.80

S2 20.40 OK 0.04 0.12 1.87 24.13 Action 6.30 18.45 0.70 18.89 OK -0.94 -7.27 7.80

L 6.81 OK 0.05 0.25 3.66

S1 7.14 OK 0.68 5.14 1.99 6.33 OK -0.93 -6.79 1.33 6.51 OK -0.38 -4.14 8.57

S2 7.21 OK 0.95 6.17 1.58 6.46 OK -0.72 -4.95 2.85 6.47 OK -0.46 -4.73 8.56

L 3.00 Action -2.14 -10.62 2.06 2.19 Action -7.41 -34.75 1.28

S1 3.13 OK -0.69 -7.29 1.34 2.47 Action -2.55 -26.87 1.70 3.24 OK -0.28 -3.88 9.69

S2 3.09 OK -0.76 -8.48 3.18 2.48 Action -2.12 -26.57 8.57 3.22 OK -0.31 -4.47 9.75

L

S1 1.90 OK -0.39 -6.30 2.22 1.20 Action -2.53 -40.91 3.51 1.94 OK -0.21 -4.08 11.24

S2 1.89 OK -0.42 -6.54 1.48 1.18 Action -2.68 -41.90 1.19 1.92 OK -0.27 -5.06 11.35

L

S1 0.75 OK 0.46 32.77 17.18 0.27 OK -0.76 -52.77 26.42 0.62 OK 0.15 10.49 19.68

S2 0.75 OK 0.44 33.67 18.93 0.27 OK -0.71 -51.88 20.74 0.62 OK 0.14 10.50 19.68

VMM-1 VMM-2 EKONERG

1ST B

6TH a

5TH B

4TH B

3TH B

2ND B

1ST A

2ND A

3RD A

4TH A

5TH A

Ethyl-benzene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.53 Action -2.48 -42.08 14.39

S1 0.64 OK 0.18 14.24 11.86

S2 0.56 OK 0.00 -0.02 13.19

L

S1 1.81 Action -1.71 -10.36 6.07

S2 1.77 Action -1.71 -12.38 6.21

L

S1 3.03 warning -1.02 -9.99 5.27

S2 3.02 warning -1.14 -10.53 5.24

L 6.14 Action -1.76 -8.71 4.98

S1 6.29 warning -1.41 -9.66 4.89

S2 6.21 warning -1.22 -7.34 4.77

L 18.63 Action -1.92 -8.69 4.74

S1 18.52 Action -2.04 -9.10 4.75

S2 18.72 Action -1.83 -8.11 4.70

L 31.50 OK -0.86 -5.75 4.70

S1 31.13 warning -1.42 -7.90 4.75

S2 31.60 warning -1.23 -6.51 4.75

L 18.85 warning -1.42 -7.14 4.71

S1 18.77 warning -1.37 -7.84 4.69

S2 18.97 warning -1.32 -6.90 4.75

L 6.39 OK -0.93 -5.85 5.28

S1 6.49 OK -0.52 -4.45 4.93

S2 6.50 OK -0.55 -4.31 4.92

L 3.07 warning -1.27 -8.50 5.31

S1 3.14 OK -0.59 -6.82 5.22

S2 3.15 OK -0.56 -6.67 5.09

L

S1 1.91 OK -0.32 -5.46 5.96

S2 1.92 OK -0.32 -5.26 5.95

L

S1 0.66 OK 0.24 16.73 11.60

S2 0.66 OK 0.24 17.45 11.53

HMS

5TH B

4TH B

3TH B

2ND B

1ST B

3RD A

4TH A

5TH A

6TH a

EPA-1 EPA-2

1ST A

2ND A
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Table 8.III.c.- En value, bias and reported expanded uncertainty of the participants: ethyl-benzene 

 

 

Table 8.III.d.- En value, bias and reported expanded uncertainty of the participants: ethyl-benzene 

 

Ethyl-benzene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.89 OK -0.13 -3.24 20.27

S1 0.95 OK 0.82 68.95 15.61 0.35 OK -0.28 -37.62 169.14

S2 0.55 OK -0.03 -1.80 18.15 0.26 OK -0.47 -53.31 215.27

L

S1 1.79 OK -0.84 -11.69 15.57 1.43 OK -0.63 -29.34 65.64

S2 1.48 Action -2.19 -26.97 15.57 1.35 OK -0.74 -33.44 67.61

L

S1 3.35 OK -0.03 -0.56 15.57 2.85 OK -0.37 -15.54 48.89

S2 3.22 OK -0.27 -4.50 15.59 2.80 OK -0.41 -16.93 49.14

L 7.10 OK 0.11 1.77 15.63

S1 6.77 OK 0.27 4.55 15.61 6.54 OK -0.06 -2.14 39.21

S2 6.92 OK -0.02 -0.32 15.60 6.94 OK -0.10 -3.68 39.35

L 19.32 OK -0.36 -5.29 15.61

S1 18.81 OK -0.53 -7.67 15.60 18.60 OK -0.27 -8.69 34.58

S2 18.48 OK -0.66 -9.29 15.60 18.63 OK -0.27 -8.57 34.58

L 34.02 OK 0.11 1.81 15.62

S1 32.88 OK -0.18 -2.73 15.60 32.94 OK -0.08 -2.54 33.45

S2 32.99 OK -0.16 -2.41 15.60 32.78 OK -0.09 -3.03 33.46

L 20.34 OK 0.01 0.17 15.62

S1 20.04 OK -0.10 -1.61 15.60 18.95 OK -0.22 -6.99 34.54

S2 19.91 OK -0.15 -2.26 15.60 18.72 OK -0.25 -8.09 34.57

L 7.65 OK 0.68 12.72 16.18

S1 7.89 OK 0.83 16.24 15.61 6.77 OK -0.01 -0.35 39.10

S2 7.83 OK 0.80 15.27 15.61 6.63 OK -0.06 -2.37 39.25

L 3.84 OK 0.77 14.32 15.81

S1 3.88 OK 0.73 15.13 15.61 2.89 OK -0.33 -14.27 48.58

S2 3.84 OK 0.67 13.83 15.59 2.84 OK -0.37 -15.89 48.96

L

S1 2.25 OK 0.47 11.20 15.56 1.46 OK -0.56 -27.91 64.88

S2 2.16 OK 0.30 6.86 15.64 1.43 OK -0.60 -29.19 65.50

L

S1 0.90 OK 0.84 61.11 15.71 0.33 OK -0.34 -41.72 178.59

S2 0.90 OK 0.79 61.12 15.71 0.31 OK -0.36 -45.64 189.51

3RD A

4TH A

5TH A

6TH a

5TH B

1ST A

2ND A

4TH B

AAA GIOS

3TH B

2ND B

1ST B

IPH_S

Ethyl-benzene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L

S1 1.45 OK 0.33 158.95 184.86

S2 0.85 OK 0.11 50.96 317.12

L

S1 2.36 OK 0.13 16.84 113.67

S2 0.34 -83.43 2.18 OK 0.06 7.99 122.99

L

S1 4.48 OK 0.41 32.87 59.97

S2 2.47 OK -0.99 -26.72 35.37 4.29 OK 0.34 27.18 62.65

L 7.94

S1 7.22 7.97 OK 0.42 16.88 33.84

S2 OK 0.44 6.38 13.11 OK 0.44 17.32 33.71

L

S1 22.67 OK 0.85 11.30 11.85

S2 20.75 OK 0.32 1.85 5.60 22.99 OK 0.97 12.86 11.68

L

S1 37.99 warning 1.43 12.39 7.07

S2 35.15 OK 0.79 3.98 3.96 39.15 Action 1.87 15.82 6.86

L

S1 23.50 warning 1.12 15.36 11.43

S2 21.81 warning 1.11 7.06 5.32 24.10 warning 1.36 18.30 11.15

L

S1 8.73 OK 0.71 28.58 30.76

S2 8.36 warning 1.45 23.03 11.87 8.68 OK 0.70 27.85 30.94

L

S1 4.74 OK 0.51 40.68 56.64

S2 3.28 OK -0.09 -2.66 27.25 4.44 OK 0.39 31.63 60.54

L

S1 2.84 OK 0.30 40.42 94.58

S2 0.97 -51.89 2.89 OK 0.32 42.95 92.91

L

S1 1.18 OK 0.23 110.47 227.43

S2 1.22 OK 0.24 116.72 220.89

4TH A

5TH A

6TH a

5TH B

4TH B

3TH B

2ND B

1ST B

1ST A

2ND A

3RD A

ISCIII AEA
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Table 8.IV.a.- En value, bias and reported expanded uncertainty of the participants: m,p-xylene 

 

 

Table 8.IV.b.- En value, bias and reported expanded uncertainty of the participants: m,p-xylene  

 

m,p-Xylene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.76 OK -0.47 -17.85 13.77 0.17 Action -2.21 -81.32 39.18

S1 0.88 OK 0.25 39.27 3.18 0.30 OK -0.33 -53.31 33.22 0.75 OK 0.12 18.70 17.33

S2 0.66 OK 0.04 4.46 4.24 0.17 OK -0.65 -73.89 8.48 0.64 OK 0.01 1.29 19.06

L 1.09 OK -0.55 -46.16 124.59 0.39 warning -1.31 -80.74 188.72

S1 2.28 OK 0.10 7.91 76.93 0.90 Action -5.06 -57.64 23.69 1.88 OK -0.96 -11.02 11.38

S2 1.61 warning -1.20 -24.03 11.46 0.84 Action -2.49 -60.24 40.48 1.76 OK -0.81 -16.69 11.70

L 4.04 OK 0.92 18.89 16.46

S1 2.95 warning -1.01 -16.23 0.95 2.13 Action -2.47 -39.66 0.66 3.65 OK 0.19 3.65 9.48

S2 3.07 OK -0.88 -12.96 5.09 2.09 Action -2.88 -40.65 1.34 3.63 OK 0.18 3.08 9.48

L 7.59 Action 2.08 8.39 2.26 5.67 7.33

S1 7.51 OK 0.88 6.91 2.79 5.75 Action -2.73 -20.15 1.73 7.34 OK 0.29 3.32 8.43

S2 7.41 OK 0.95 5.79 2.45 Action -3.15 -18.95 2.96 OK 0.34 3.46 8.42

L 21.67 Action 2.08 8.39 2.26

S1 22.52 OK 0.88 6.91 2.79 22.11 Action -2.73 -20.15 1.73 21.67 OK 0.29 3.32 8.43

S2 22.67 OK 0.95 5.79 2.45 22.73 Action -3.15 -18.95 2.96 21.75 OK 0.34 3.46 8.42

L 37.91 Action 1.85 13.41 0.60

S1 38.40 Action 11.99 8.42 0.52 39.95 Action 26.30 12.79 0.21 36.59 OK 0.42 3.31 7.60

S2 38.52 Action 29.75 8.74 0.25 41.32 Action 9.06 16.66 1.57 37.76 OK 0.82 6.61 7.60

L 22.17 OK 0.84 8.63 8.66

S1 23.19 Action 3.62 8.95 1.53 23.02 Action 4.43 8.17 0.24 22.09 OK 0.46 3.80 7.74

S2 23.08 Action 3.35 8.45 1.84 23.60 Action 3.54 10.90 2.40 22.16 OK 0.50 4.13 7.73

L 7.51 warning 1.12 9.98 6.39

S1 8.20 Action 1.67 15.51 0.85 6.32 warning -1.15 -10.92 2.25 7.64 OK 0.60 7.69 8.38

S2 8.16 warning 1.38 14.95 6.06 6.48 warning -1.00 -8.66 2.62 7.63 OK 0.62 7.55 8.39

L 3.12 warning -1.08 -7.48 1.84 2.11 Action -5.56 -37.47 1.33

S1 3.28 OK -0.39 -7.00 2.14 2.41 Action -1.75 -31.71 2.91 3.78 OK 0.36 7.34 9.42

S2 3.18 OK -0.52 -9.69 3.58 2.45 Action -1.63 -30.43 5.80 3.79 OK 0.37 7.63 9.39

L

S1 2.00 OK -0.17 -5.34 0.00 1.14 warning -1.45 -46.28 3.70 2.20 OK 0.12 4.13 10.82

S2 1.96 OK -0.23 -7.23 2.86 1.15 warning -1.46 -45.57 4.87 2.22 OK 0.15 5.08 10.81

L

S1 0.88 OK 0.29 38.48 17.83 0.29 OK -0.42 -54.90 44.91 0.79 OK 0.19 25.03 16.96

S2 0.88 OK 0.28 39.28 25.68 0.33 OK -0.35 -47.77 25.45 0.77 OK 0.16 21.87 17.14

1ST B

6TH a

5TH B

4TH B

3TH B

2ND B

1ST A

2ND A

3RD A

4TH A

5TH A

VMM-1 VMM-2 EKONERG

m,p-Xylene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.78 OK -0.40 -15.50 15.69

S1 0.79 OK 0.15 24.71 15.23

S2 0.67 OK 0.05 5.25 16.24

L

S1 1.83 warning -1.07 -13.44 13.12

S2 1.75 OK -0.80 -17.03 13.69

L

S1 3.02 OK -0.72 -14.13 13.23

S2 2.97 OK -0.88 -15.58 12.78

L 6.10 OK -0.63 -8.03 13.48

S1 6.60 warning -1.07 -14.07 12.80

S2 6.29 OK -0.53 -6.94 12.72

L 19.91 OK -0.63 -8.03 13.48

S1 19.74 warning -1.07 -14.07 12.80

S2 19.95 OK -0.53 -6.94 12.72

L 33.48 OK 0.01 0.16 12.78

S1 33.09 OK -0.55 -6.58 12.81

S2 33.45 OK -0.46 -5.56 12.79

L 20.14 OK -0.10 -1.32 12.78

S1 20.06 OK -0.47 -5.75 12.76

S2 20.22 OK -0.41 -4.99 12.76

L 6.97 OK 0.15 2.15 13.29

S1 6.88 OK -0.20 -3.04 12.79

S2 6.84 OK -0.24 -3.64 12.87

L 3.06 OK -0.67 -9.17 13.12

S1 3.15 OK -0.49 -10.52 12.69

S2 3.12 OK -0.53 -11.48 12.83

L

S1 1.93 OK -0.25 -8.61 13.46

S2 1.90 OK -0.30 -9.97 13.67

L

S1 0.79 OK 0.19 24.71 15.23

S2 0.76 OK 0.15 20.60 15.49

2ND B

1ST B

4TH A

5TH A

6TH a

5TH B

4TH B

3TH B

1ST A

2ND A

3RD A

HMS EPA-1 EPA-2
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Table 8.IV.c.- En value, bias and reported expanded uncertainty of the participants: m,p-xylene 

 

 

Table 8.IV.d.- En value, bias and reported expanded uncertainty of the participants: m,p-xylene 

m,p-Xylene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 1.90 Action 1.71 106.33 24.51

S1 1.41 OK 0.76 123.31 15.59 0.48 OK -0.13 -24.35 132.22

S2 0.75 OK 0.16 18.70 15.47 0.25 OK -0.42 -60.75 225.81

L

S1 2.05 OK -0.18 -2.93 15.60 1.32 OK -0.87 -37.34 68.28

S2 1.54 warning -1.26 -26.97 15.55 1.05 warning -1.18 -50.44 77.94

L

S1 3.55 OK 0.04 0.81 12.79 2.61 OK -0.64 -26.00 50.42

S2 3.29 OK -0.33 -6.72 15.59 2.47 OK -0.77 -29.92 51.46

L 7.10 OK 0.38 6.39 15.62

S1 6.70 OK 0.00 0.08 15.61 6.13 OK -0.33 -11.72 39.66

S2 7.28 OK -0.35 -5.51 15.60 7.06 OK -0.39 -13.61 39.84

L 19.98 OK 0.38 6.39 15.62

S1 19.03 OK 0.00 0.08 15.61 17.88 OK -0.33 -11.72 39.66

S2 18.92 OK -0.35 -5.51 15.60 18.35 OK -0.39 -13.61 39.84

L 35.35 OK 0.32 5.76 15.63

S1 33.60 OK -0.35 -5.12 15.60 33.06 OK -0.21 -6.65 33.45

S2 33.80 OK -0.31 -4.56 15.60 33.23 OK -0.20 -6.17 33.45

L 21.29 OK 0.14 4.28 28.33

S1 20.77 OK -0.16 -2.40 15.60 18.54 OK -0.43 -12.90 34.59

S2 20.75 OK -0.16 -2.50 15.60 18.52 OK -0.43 -12.97 34.59

L 8.07 OK 0.90 18.27 16.44

S1 8.29 OK 0.82 16.87 15.61 6.25 OK -0.33 -11.86 39.66

S2 8.14 OK 0.74 14.68 15.61 6.29 OK -0.31 -11.37 39.63

L 4.19 warning 1.14 24.16 16.20

S1 4.30 OK 0.84 22.11 15.58 2.56 OK -0.66 -27.22 50.72

S2 4.15 OK 0.68 17.71 15.59 2.51 OK -0.71 -28.75 51.10

L

S1 2.49 OK 0.49 17.95 15.57 1.28 OK -0.75 -39.42 69.53

S2 2.36 OK 0.33 11.66 15.60 1.13 OK -0.92 -46.61 74.47

L

S1 1.24 OK 0.72 95.45 15.55 0.33 OK -0.30 -48.09 178.05

S2 1.17 OK 0.61 85.02 15.57 0.33 OK -0.29 -47.61 177.04

2ND B

1ST B

2ND A

3RD A

4TH A

5TH A

6TH a

1ST A

5TH B

4TH B

3TH B

AAA GIOS IPH_S

m,p-Xylene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L

S1 3.21 OK 0.37 408.65 217.55

S2 1.05 OK 0.06 65.55 668.45

L

S1 2.91 OK 0.11 37.73 240.27

S2 0.07 -96.54 2.19 OK 0.01 3.80 318.83

L

S1 4.84 OK 0.19 37.55 144.34

S2 1.05 Action -2.56 -70.30 79.43 4.41 OK 0.13 25.26 158.51

L 8.19

S1 3.32 7.99 OK 0.16 15.46 85.36

S2 Action -3.97 -53.22 26.14 OK 0.13 12.67 87.48

L

S1 22.45 OK 0.16 15.46 85.36

S2 10.09 Action -3.97 -53.22 26.14 22.57 OK 0.13 12.67 87.48

L

S1 36.41 OK 0.14 2.80 19.20

S2 17.46 Action -15.52 -50.72 6.63 37.81 OK 0.34 6.74 18.49

L

S1 23.60 OK 0.33 10.91 29.62

S2 10.75 Action -10.03 -49.47 9.27 23.92 OK 0.38 12.42 29.23

L

S1 8.98 OK 0.27 26.61 77.84

S2 3.99 Action -2.91 -43.80 22.34 9.11 OK 0.29 28.35 76.78

L

S1 4.94 OK 0.20 40.28 141.54

S2 1.53 Action -1.89 -56.66 54.78 4.62 OK 0.16 31.11 151.44

L

S1 3.00 OK 0.13 41.94 233.14

S2 0.39 -81.73 3.10 OK 0.14 46.54 225.84

L

S1 1.44 OK 0.11 127.58 486.23

S2 1.48 OK 0.12 134.08 472.75

1ST B

2ND A

3RD A

4TH A

5TH A

6TH a

5TH B

4TH B

3TH B

2ND B

1ST A

ISCIII AEA
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Table 8.V.a.- En value, bias and reported expanded uncertainty of the participants: o-xylene 

 

Table 8.V.b.- En value, bias and reported expanded uncertainty of the participants: o-xylene 

  

o-Xylene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.64 OK 0.19 16.91 15.81 0.17 OK -0.77 -68.34 22.23

S1 0.88 OK 0.32 27.56 19.32 0.31 OK -0.67 -55.79 13.77 0.69 OK 0.00 0.02 18.26

S2 0.70 OK 0.01 0.75 6.04 0.21 warning -1.08 -70.28 34.15 0.61 OK -0.17 -11.57 19.67

L 1.07 OK -0.65 -47.43 132.15 0.42 Action -1.68 -79.61 207.71

S1 1.83 warning -1.49 -17.59 13.15 0.88 Action -5.66 -60.49 24.23 1.67 Action -2.43 -24.59 11.86

S2 1.78 warning -1.39 -19.84 16.68 0.79 Action -5.13 -64.32 32.15 1.55 Action -3.01 -30.00 12.26

L 3.59 OK 0.33 5.22 10.25

S1 3.34 OK -0.64 -9.51 9.34 2.05 Action -3.68 -44.60 0.68 2.98 warning -1.33 -19.26 9.93

S2 3.32 warning -1.04 -10.05 2.53 2.05 Action -4.57 -44.59 4.79 2.94 Action -1.66 -20.35 9.93

L 7.11 OK -0.16 -1.44 3.89 5.55 6.04

S1 7.00 OK -0.84 -4.38 2.00 5.61 Action -4.75 -25.36 3.06 6.00 Action -2.20 -18.77 8.64

S2 6.78 warning -1.02 -5.93 5.06 -7.31 -24.55 Action -2.49 -19.31 8.67

L 20.54 OK -0.04 -0.37 5.44

S1 20.32 OK -0.57 -8.92 17.34 22.23 OK -0.33 -0.34 1.02 17.93 Action -3.12 -19.62 7.82

S2 21.50 Action -3.38 -3.63 1.12 22.64 Action 3.36 1.48 0.43 17.85 Action -3.19 -19.98 7.82

L 35.72 OK 0.66 9.10 1.71

S1 36.58 Action -7.43 -3.00 0.19 40.45 Action 16.40 7.26 0.24 30.49 Action -3.09 -19.14 7.65

S2 36.55 Action -3.02 -3.08 0.19 41.26 Action 9.22 9.41 0.17 31.43 Action -2.58 -16.65 7.64

L 20.85 OK 0.16 1.60 5.20

S1 22.02 OK -0.46 -1.30 1.09 23.10 warning 1.31 3.56 0.61 18.25 Action -2.63 -18.18 7.81

S2 21.84 OK -0.90 -2.09 1.56 23.30 Action 2.38 4.46 0.61 18.24 Action -2.75 -18.23 7.81

L 7.03 OK 0.23 2.53 4.26

S1 7.67 OK 0.39 3.15 4.43 6.08 Action -2.59 -18.23 2.80 6.29 Action -1.56 -15.41 8.59

S2 7.39 OK -0.11 -0.68 2.11 6.10 Action -3.07 -18.03 1.15 6.34 Action -1.58 -14.74 8.58

L 3.48 OK 0.20 2.55 2.78 2.06 Action -3.15 -39.41 4.77

S1 3.63 OK -0.14 -1.79 4.30 2.34 Action -2.95 -36.60 6.07 3.13 warning -1.05 -15.20 9.78

S2 3.75 OK 0.13 1.47 1.87 2.28 Action -3.37 -38.36 5.63 3.06 warning -1.26 -17.09 9.87

L

S1 2.20 OK -0.05 -0.88 0.64 1.08 Action -2.76 -51.23 0.00 1.84 OK -0.81 -16.91 11.52

S2 2.21 OK -0.02 -0.42 0.63 1.06 Action -2.77 -52.13 5.28 1.84 OK -0.81 -16.91 11.52

L

S1 0.90 OK 0.36 30.46 12.67 0.32 OK -0.65 -54.34 31.11 0.75 OK 0.10 8.72 17.33

S2 0.96 OK 0.44 38.44 16.34 0.30 OK -0.68 -57.23 14.24 0.75 OK 0.10 8.73 17.33

1ST B

6TH a

5TH B

4TH B

3TH B

2ND B

1ST A

2ND A

3RD A

4TH A

5TH A

VMM-1 VMM-2 EKONERG

o-Xylene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.62 OK 0.15 13.62 15.09

S1 0.75 OK 0.10 8.43 13.10

S2 0.66 OK -0.07 -4.90 13.72

L

S1 1.88 warning -1.38 -15.20 11.71

S2 1.81 Action -1.78 -18.40 11.07

L

S1 3.15 OK -0.97 -14.74 10.80

S2 3.15 warning -1.11 -14.60 10.79

L 6.39 OK -0.54 -7.05 10.96

S1 6.41 warning -1.34 -14.13 10.96

S2 6.39 warning -1.38 -13.78 10.92

L 19.05 OK -0.61 -7.63 11.00

S1 18.91 Action -1.63 -15.24 11.00

S2 19.14 Action -1.51 -14.18 10.97

L 32.02 OK -0.13 -2.18 10.95

S1 31.68 Action -1.73 -15.99 10.99

S2 32.30 Action -1.52 -14.35 10.96

L 19.31 OK -0.44 -5.89 10.98

S1 19.23 warning -1.41 -13.80 10.92

S2 19.43 warning -1.32 -12.87 11.01

L 6.55 OK -0.31 -4.50 11.05

S1 6.60 OK -0.95 -11.19 10.90

S2 6.64 OK -0.95 -10.73 10.85

L 3.25 OK -0.25 -4.06 11.11

S1 3.32 OK -0.66 -10.05 10.84

S2 3.32 OK -0.69 -10.05 10.84

L

S1 1.99 OK -0.49 -10.23 11.07

S2 1.98 OK -0.51 -10.81 11.14

L

S1 0.78 OK 0.15 12.78 13.11

S2 0.78 OK 0.15 12.78 13.11

1ST B

6TH a

5TH B

4TH B

3TH B

2ND B

1ST A

2ND A

3RD A

4TH A

5TH A

EPA-1 EPA-2HMS
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Table 8.V.c.- En value, bias and reported expanded uncertainty of the participants o-xylene 

 

 

Table 8.V.d.- En value, bias and reported expanded uncertainty of the participants: o-xylene  

 

o-Xylene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L 0.72 OK 0.34 31.58 21.21

S1 0.86 OK 0.29 24.66 15.58 0.46 OK -0.27 -33.17 136.23

S2 0.53 OK -0.35 -23.31 18.90 0.38 OK -0.41 -44.48 157.18

L

S1 1.57 Action -2.44 -29.29 15.58 1.51 OK -0.73 -31.95 63.84

S2 1.21 Action -4.54 -45.22 15.66 1.37 OK -0.91 -38.18 67.06

L

S1 3.07 OK -0.96 -16.96 15.60 2.98 OK -0.47 -19.16 48.12

S2 2.89 warning -1.41 -21.73 15.58 2.99 OK -0.48 -19.05 48.06

L 6.88 OK -0.04 -0.69 15.65

S1 6.64 OK -0.49 -7.48 15.61 7.36 OK 0.06 2.46 38.30

S2 6.83 OK -0.75 -10.74 15.61 7.43 OK -0.03 -0.99 38.52

L 19.82 OK -0.23 -3.90 15.76

S1 19.45 OK -0.94 -12.81 15.60 22.40 OK 0.01 0.41 34.15

S2 19.27 warning -1.01 -13.60 15.60 22.44 OK 0.02 0.62 34.14

L 34.68 OK 0.28 5.93 15.63

S1 33.76 OK -0.75 -10.47 15.60 36.51 OK -0.10 -3.17 33.32

S2 33.52 OK -0.80 -11.11 15.60 35.73 OK -0.17 -5.23 33.35

L 21.11 OK 0.16 2.88 15.66

S1 21.04 OK -0.38 -5.69 15.60 22.81 OK 0.06 2.25 34.10

S2 20.79 OK -0.46 -6.78 15.60 22.59 OK 0.04 1.28 34.13

L 7.79 OK 0.63 13.58 16.65

S1 8.11 OK 0.50 9.12 15.60 7.66 OK 0.07 2.96 38.27

S2 8.05 OK 0.46 8.23 15.61 7.54 OK 0.03 1.37 38.37

L 3.61 OK 0.31 6.39 15.74

S1 3.75 OK 0.08 1.57 15.58 3.08 OK -0.40 -16.45 47.54

S2 3.68 OK -0.01 -0.24 15.59 3.06 OK -0.42 -17.20 47.71

L

S1 2.03 OK -0.36 -8.38 15.57 1.55 OK -0.63 -29.96 62.93

S2 1.94 OK -0.54 -12.39 15.57 1.50 OK -0.69 -32.49 64.08

L

S1 0.84 OK 0.25 21.48 15.51 0.42 OK -0.33 -39.70 147.60

S2 0.90 OK 0.36 31.05 15.71 0.39 OK -0.36 -43.17 154.59

1ST B

6TH a

5TH B

4TH B

3TH B

2ND B

1ST A

2ND A

3RD A

4TH A

5TH A

AAA GIOS IPH_S

o-Xylene

Mean STATE En BIAS % EU % Mean STATE En BIAS % EU %

L

S1 1.50 OK 0.43 117.44 120.13

S2 0.95 OK 0.14 38.01 189.29

L

S1 2.35 OK 0.07 5.89 76.84

S2 0.03 -98.69 2.14 OK -0.04 -3.36 84.21

L

S1 4.17 OK 0.26 13.09 43.17

S2 2.10 Action -2.25 -43.24 29.60 4.04 OK 0.19 9.37 44.64

L 8.15

S1 7.34 8.16 OK 0.39 9.56 22.12

S2 OK -0.14 -1.34 9.17 OK 0.40 9.69 22.09

L

S1 23.61 OK 0.73 5.87 7.63

S2 22.73 OK 0.51 1.91 3.65 24.04 OK 0.96 7.79 7.49

L

S1 39.84 warning 1.18 5.67 4.52

S2 37.77 OK 0.05 0.15 2.62 41.38 Action 1.99 9.73 4.36

L

S1 25.37 Action 1.62 13.74 7.10

S2 23.92 Action 1.71 7.24 3.59 25.91 Action 1.96 16.18 6.95

L

S1 9.31 warning 1.00 25.20 19.36

S2 8.77 warning 1.49 18.00 8.98 9.35 warning 1.03 25.73 19.27

L

S1 4.73 OK 0.56 28.20 38.08

S2 3.01 OK -0.88 -18.34 21.78 4.71 OK 0.55 27.53 38.28

L

S1 2.87 OK 0.35 29.60 62.79

S2 0.64 -71.10 2.87 OK 0.36 29.79 62.70

L

S1 1.39 OK 0.37 102.07 129.27

S2 1.42 OK 0.39 106.14 126.72

3TH B

2ND B

1ST B

1ST A

2ND A

3RD A

4TH A

5TH A

6TH a

5TH B

4TH B

ISCIII AEA
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Conclusions 
 
The benzene reproducibility standard deviation of the exercise at 5 µg/m

3
 was of circa 7.4 %.This 

value represents an improvement with respect to the last two inter-laboratory exercises in which 

the corresponding reproducibility were circa 12.5 %. Similarly, the average reproducibility and 

repeatability standard deviation of the exercise for benzene: 7.9 % and 4.7 %, respectively, fulfill the 

criteria for analytical robustness. Behind this improvement, it is noted that all laboratories were 

using certified reference standards for calibration and the standard deviation associated with each 

reported concentration was the result of the estimation of the associated analytical uncertainty. 

With the exception of toluene, reproducibility values were consistent with that expected from the 

standard deviation defined by N37 for proficiency assessment. The high values of toluene 

reproducibility were probably due to an inappropriate operating calibration range for this 

compound. 
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Annex 
 

 

Third EC-JRC aromatic compounds inter-laboratory comparison with 
automatic analysers 

 

 

 

Working Schedule for the inter-laboratory comparison exercise 

Indicators of Mandel’s statistic 

Robust Analysis: Estimation of robust values of the average and standard deviation of a number of 

inter-laboratory measurements 

Average repeatability, reproducibility and gamma values of the 2
nd

 inter-laboratory exercise 

Conversion factors for data reporting 

Analysers and method description from participating laboratories 
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Working schedule for the inter-laboratory comparison exercise 
 

Nov. 12
th

:  Arrival of participants and installation of equipment: 14:00 to 17:30 

Nov. 13
th 

: Calibration: 9:00 – 13:30 / Synchronization: 13:30 / Measurements starting: 14:30 

Nov. 14
th 

: End of measurements:  15:30 / Calibration 15:30 – 17:30 

Nov.15
th 

: Dismantling of equipment and departure of participants 
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Indicators of Mandel’s statistic 

 
 

Number of k values at* of s.l. h values at s.l. 

Laboratories, p 1 % 5 % ** 1 % 5 % ** 

3 1.53 1.40 1.15 1.15 

4 1.60 1.44 1.49 1.42 

5 1.65 1.46 1.72 1.57 

6 1.68 1.48 1.87 1.66 

7 1.70 1.49 1.98 1.71 

8 1.71 1.50 2.06 1.75 

9 1.73 1.50 2.13 1.78 

10 1.74 1.50 2.18 1.80 

11 1.74 1.51 2.22 1.82 

12 1.75 1.51 2.25 1.83 

13 1.76 1.51 2.27 1.84 

14 1.76 1.52 2.30 1.85 

15 1.76 1.52 2.32 1.86 

16 1.77 1.52 2.33 1.86 

17 1.77 1.52 2.35 1.87 

18 1.77 1.52 2.36 1.88 

19 1.78 1.52 2.37 1.88 

20 1.78 1.52 2.39 1.89 

21 1.78 1.52 2.39 1.89 

22 1.78 1.52 2.40 1.89 

23 1.78 1.53 2.41 1.90 

24 1.79 1.53 2.42 1.90 

25 1.79 1.53 2.42 1.90 

26 1.79 1.53 2.43 1.90 

27 1.79 1.53 2.44 1.91 

     * for 5 replicated values.  ** s.l. : significance level 
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Robust Analysis: Estimation of robust values of the average and 
standard deviation of a number of inter-laboratory measurements 

 
 

The robust estimation of an average value, *

iC , and standard deviation, s
*
, of p inter-laboratory 

measurements is derived from a convergence process of the following equation: 

p

C
C

i

i
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*
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Where recurrent values are calculated from these equations: 















otherwise                 

5.1      if      5.1

5.1     if    5.1
****

****

*

i

iii

iii

i

C

sCCsC

sCCsC

C

 

The initial values are calculated as: 
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Average repeatability, reproducibility and gamma values of 2nd inter-
laboratory exercise 

 
 

 

 Repeatability, % Reproducibility, % Robustness 

() 

Benzene 1.4 17.8 17.2 

Toluene 1.8 10.0 7.1 

Ethyl-benzene 2.2 9.7 6.1 

m,p-Xylene 4.2 8.0 2.1 

o-Xylene 3.1 16.5 6.7 

  (EUR 23792EN 2009) 

 

 

 

 

 

Conversion factors for data reporting 

 
 

 Conversion factor 

µg/m
3
 / ppb (v/v) 

Benzene 1.4  

Toluene 1.8 

Ethyl-benzene 2.2 

m,p-Xylene 4.2 

o-Xylene 3.1 

 ppb(m/m) to ppb(v/v) factors were not taken into account. 
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Analysers and method description from participating laboratories  
 

 

VMM1 

VMM2 

EKONERG 

HMS 

EPA1 

EPA2 

AAA 

GIOS 

IPH_S 

ISCIII 

AEA 
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Participating Laboratory

Acronym

Trademark Chromatotec group

Model: Airmobtx 1000, GC 866

Version: 

Year of manufacture: 2011

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   X

Other gases used: X

Operating system:

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail

Trapping temperature, °C

Desorption temperature, °C

Desorption flow, ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 30 m

diameter (ID) mm: 0,28 mm

thickness (µm): 1 µm

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene k=3

Toluene k=3

Ethyl-benzene k=3

m-Xylene k=3

p-Xylene k=3

o-Xylene k=3

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

portable permeation device, dilution possible between 600 and 2000 ml/min

8.63 ng/min 1.43 ng/min

17.34 ng/min 2.13 ng/min

10.64 ng/min 1.42 ng/min

6.42 ng/min 1.12 ng/min

8.63 ng/min 1.43 ng/min

Grace Davison Discovery Sciences

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

11.33 ng/min 1.26 ng/min

Desorption time, sec

metallic column (MXT 30CE)

43°C (2°/min) -> 45°C (10°/min) -> 75°C (15°/min) ->165°C (120s)

Traceability of  your calibration Standard

ambient

460 ml

1

380°C

120 sec

3-4 ml/min

Characteristic of your BTEX analyser

GC 866

windows embedded

15

carbotrap B

pump+critical orifice

Vlaamse milieumaatschappij

VMM-1

VMM1 
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Participating Laboratory

Acronym

Trademark Synspec

Model: Syntech Spectras Analyser GC955

Version: 

Year of manufacture: 2006

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   X

Other gases used:

Operating system:

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail

Trapping temperature, °C

Desorption temperature, °C

Desorption flow, ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 13 m

diameter (ID) mm: 0,32 mm

thickness (µm): 1 µm

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene k=3

Toluene k=3

Ethyl-benzene k=3

m-Xylene k=3

p-Xylene k=3

o-Xylene k=3

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

portable permeation device, dilution possible between 600 and 1200 ml/min

8.63 ng/min 1.43 ng/min

17.34 ng/min 2.13 ng/min

10.64 ng/min 1.42 ng/min

6.42 ng/min 1.12 ng/min

8.63 ng/min 1.43 ng/min

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

11.33 ng/min 1.26 ng/min

Desorption time, sec

capillary column (2m)

capillary column

95% dimethylpolysiloxane + 5% diphenylpolysiloxane

50°C (3 min) --> 70°C (7 min) with a rate of 2°/min

Traceability of  your calibration Standard

27°C

140 ml

1

180°C

60 sec

1,5 cc/min

Characteristic of your BTEX analyser

GC955

windows 98

15 min

tenax

piston

Vlaamse milieumaatschappij

VMM-2

VMM2 



68 

VMM1 e 2 
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Participating Laboratory

Acronym

Trademark Chromatorec

Model: Airmo BTX 1000

Version:

Year of manufacture: 2011.

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas: X

Other gases used: X

Operating system:

Cycle time, min:

Adsorbent material:

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail

Trapping temperature, °C

Desorption temperature, °C

Desorption flow, ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m:

diameter (ID) mm:

thickness (µm):

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number:

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation

Additional comments

12.03 0.35

11.71 0.35

11.96 0.36

12.05 0.36

11.88 0.25

PRM - VSL

VSL

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

12.00 0.36

Desorption time, sec

MXT 30CE, film thickness: 1um, id: 0,28mm, length: 30m

init. temp. 60C, ramp 15C/min, end temp. 165C

Traceability of  your calibration Standard

40

480

1

380 C

120

Characteristic of your BTEX analyser

GC FID

Windows XP, Vistachrom

15

CarboTrap

critical orifice 76um

EKONERG EKONERG 
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EKONERG 
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EKONERG 
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EKONERG 
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Participating Laboratory

Acronym

Trademark CHROMATOTEC/AIRMOTEC

Model: airmoVOC C6-C12

Version: 

Year of manufacture: 2003

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   X

Other gases used: X

Operating system:

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail -

Trapping temperature, °C -

Desorption temperature, °C - -

Desorption flow, ml/min - split flow, ml/min -

Stripper column

Analytical column

phase:

length, m: 30

diameter (ID) mm: 0.28thickness (µm): 1

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

-

982 x 10-9 29 x 10-9

1014 x 10-9 30 x 10-9

dilution range: 2-9 ppb by Environics 200 diluitor

-

985 x 10-9 29 x 10-9

995 x 10-9 30 x 10-9

983x 10-9 29 x 10-9

VSL Dutch Metrology Institute

VSL Dutch Metrology Institute

3221915

Concentration, ppb (mol/mol) Expanded Uncertainty, ppb (mol/mol)

986 x 10-9 29 x 10-9

Desorption time, sec

-

MXT 30 CE

start 36°C, gradiant 2°C/min to 38°C (duration 60 s),  gradiant 2°C/min to 50°C ( duration 360 s), gradiant 10°C/min to 80°C (duration 180 s), gradiant 15°C/min to 200°C (duration 480 s), Isotherm 200°C up to 300 s, decrease to 36°C,  

Traceability of  your calibration Standard

36

~ 415 ml

3

380

240

3

Characteristic of your BTEX analyser

A31000

Windows XP

30 min

MXT 30 CE

pump

Air Quality Reference Center, Hungarian Meteorological Service

AQRC-HMS  (LRK-OMSZ)

HMS 
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HMS 
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HMS 
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HMS 
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HMS 
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Participating Laboratory

Acronym

Trademark Syntech

Model: GC955

Version: 

Year of manufacture: 2008

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   yes

Other gases used:

Operating system:

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail n/a

Trapping temperature, °C

Desorption temperature, °C

Desorption flow, ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 13

diameter (ID) mm:  0.32

thickness (µm):  1.0

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

9.8 0.25

10.25 0.26

10.27 0.26

9.69 0.24

10.18 0.25

NPL

NPL

2013060090

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

10.14 0.2

Desorption time, sec

2m

CP-Sil 8 CB 

100% dimethylpolysiloxane phase 

50C for 3mins, ramp @ 10C/min to 70C, hold for 7mins, ramp @ 10C/min to 50C and hold.

Traceability of  your calibration Standard

30

210

1

180

60

1.5

Characteristic of your BTEX analyser

600

Windows XP

15 min

Tenax GR 35/60

sample pump/piston pump

Enviromental protection Agency Ireland

EPA

EPA1 
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Participating Laboratory

Acronym

Person(s) responsible

Trademark Syntech

Model: GC955

Version: 

Year of manufacture: 2010

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   yes

Other gases used:

Operating system:

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail n/a

Trapping temperature, °C

Desorption temperature, °C

Desorption flow, ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 28

diameter (ID) mm:  0.32

thickness (µm):  1.0

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

9.8 0.25

10.25 0.26

10.27 0.26

9.69 0.24

10.18 0.25

NPL

NPL

2013060090

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

10.14 0.2

Desorption time, sec

2

CP-Sil 8 CB 

100% dimethylpolysiloxane phase 

50C for 3mins, ramp @ 10C/min to 70C, hold for 7mins, ramp @ 10C/min to 50C and hold.

Traceability of  your calibration Standard

30

210

1

180

60

1.5

Characteristic of your BTEX analyser

611

Windows XP

15 min

Tenax GR 35/60

sample pump/piston pump

Enviromental protection Agency Ireland

EPA

Lin Delaney

EPA2 
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EPA 1 e 2 
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Participating Laboratory

Acronym

Trademark

Model: 

Version: 

Year of manufacture: 

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   X

Other gases used: X X

Operating system:

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, 

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail none

Trapping temperature, °C

Desorption temperature, °C

Desorption flow, ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 30

diameter (ID) mm: 0.32

thickness (µm): 1.5

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

dilution factor: 500, Dilutor: Umwelttechnik MCZ GmbH

Benzene 15ng/min, temperature: 50°C, Horiba GmbH

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

4990 100

5110 100

AMAsep 1

50°C (3min), 8°C/min, 130°C (5min)

Traceability of  your calibration Standard

Calibrated Gas Mixture

National Physical Laboratory (UK)

-

230 °C

180

2

Desorption time, sec

none

30

Carbotrap

MFC

30

300

1

Characteristic of your BTEX analyser

AMA Instruments

GC 5000 BTX FID

3

2011

Windows XP Professional

Environmental Protection Agency (Lithuania)

EPA  AAA

AAA 
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AAA 
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Participating Laboratory

Acronym

Trademark Syntech Spectras

Model: GC955

Version: 

Year of manufacture: 2011

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   X

Other gases used:

Operating system:

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail

Trapping temperature, °C

Desorption temperature, °C

Desorption flow, ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 13

diameter (ID) mm: 0.32

thickness (µm): 1

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

695 69.5

650 65

CGM2000, 10ppb

855 85.5

815 81.5

714 71.4

Air Liquide Polska

Air Liquide Deutschland GmbH

9382636001

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

1170 59

Desorption time, sec

SY-5 15m, 0.32 mm ID, 1 µm film, 2m,

Synspec

50°C (1-3min), 10°C/min, 70°C (5-12min), -8°C/min, 50°C(13,5-15min)

Traceability of  your calibration Standard

ambient

35

1

180

26

1.5

Characteristic of your BTEX analyser

601

Windows xp

15

Tenax

piston

Chief Inspectorate of Environmental Protection

GIOS

GIOS 
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GIOS 
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GIOS 
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Participating Laboratory

Acronym

Trademark SYNTECH SPECTRAS 

Model: GC 955

Version: 

Year of manufacture: 2009

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   X

Other gases used:

Operating system:

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail

Trapping temperature, °C

Desorption temperature, °C

Desorption flow, ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 15

diameter (ID) mm: 0.32

thickness (µm): 1

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

Gas cylinder containing 2ppm of BTEX is dilutetd by portable dinamic dilution system ASGU 370 TS, HORRIBA. System as a whole (MFCs+cylinder), is calibrated in calibration laboratoray in Czech Hydrometeorological Institute and  is traceable to PRM, certificate number D64 1967. Calibrated levels of dilution are 1, 2.5, 5 and 10 ppb.

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

Desorption time, sec

identical with analytical column, 2m lenght

AT624 

(6% Cyanopropylphenyl)-94% methylpolysiloxane

 50 C (3 min),50-70 C ,10C/min, 70C (5-12 min),  70-50 C ,10C/min, 50C (14-15 min)

Traceability of  your calibration Standard

Ambient

210

 one

180 C 

60

1.5

Characteristic of your BTEX analyser

601

Windows XP

15 min

Tenax GR

piston pump + MFC

Institute of Public Health of Belgrade

IPH

IPH_S 
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*Certified of calibration not provided by the laboratory 

IPH_S 
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Participating Laboratory

Acronym

Trademark SYNTECH SPECTRAS

Model: GC955

Version: 

Year of manufacture: 2004

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   X

Other gases used:

Operating system:

Cycle time, min:

Adsorbent material: 

pump

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail --

Trapping temperature, °C

Desorption temperature, °C 180 °C 40 s

Desorption flow, ml/min 1,5 ml/min split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 13 m

diameter (ID) mm: 0,32 mm

thickness (µm): 1,8 μm

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

Data of our calibration standard are aproximate. Maybe we will have to acquire a new calibtration standard 

before the intercomparison

150.3 4.5

146.2 4.4

API 700

149.3 4.5

150.5 4.5

148.1 4.5

VSL

VSL

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

149.9 4.5

Desorption time, sec

dimetil-polixiloxano (94 %) and ciano-propil-fenilo (6 %); 2 m

AT-624

dimetil-polixiloxano (94 %) and ciano-propil-fenilo (6 %)

50°C (3’),10°C/min,70°C (6’), 10°C/min 50°C

Traceability of  your calibration Standard

≈ 25  °C

50 ml

--

5 °C - 35 °C

Characteristic of your BTEX analyser

WINDOWS

15 min

Tenax GR 60-80

pump/MFC/piston

INSTITUTO DE SALUD CARLOS III

ISCIII
ISCIII 
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ISCIII 
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ertified of 

Participating Laboratory

Acronym

Trademark Environnement

Model: Clarus 5000 VOC71M

Version: 

Year of manufacture: 2004

Helium Nitrogen Hydrogen Carbon dioxideAir

Carrier gas:   Y

Other gases used:

Operating system:

Windows

Cycle time, min:

Adsorbent material: 

Sampling control

Sampling temperature, °C

Sample volume, ml

Number of adsorbent tubes

Desorption temperature, `

Desorption time, sec

Desorption flow, ml/min

Cryo-trap detail CarboPack X

Trapping temperature, °C 32

Desorption temperature, °C 350 3

Desorption flow, ml/min 1 split flow, ml/min

Stripper column

Analytical column

phase:

length, m: 13

diameter (ID) mm: 0.32

thickness (µm): 1.8

analytical conditions:

Certified reference material (CRM):

Certified by

Certified number: 

Compound

Benzene

Toluene

Ethyl-benzene

m-Xylene

p-Xylene

o-Xylene

Other methods

Dilution of CRM

Static Injection

Permeation 

Additional comments

3.8 0.08

3.8 0.08

3.78 0.08

3.81 0.08

3.78 0.08

NPL

Concentration, ppb (mol/mol) Expanded Uncertainty, ±ppb(mol/mol)

3.76 0.08

Desorption time, sec

Supalco SPB 624

Proprietry, bonded

34° for 115 seconds , ramp of 20 C/min for 260 sec, 150° for 155 seconds

Traceability of  your calibration Standard

Ambient

1050/2100

2

350

180

1

Characteristic of your BTEX analyser

15 or 30 minutes

carbotrap/Carbopack X mixture

Internal trap with critical orifice

Ricardo-AEA

R-AEA AEA 
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Certified of calibration not provided by the laboratory 

 

 

  

AEA 
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